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One of the furthest known objects in the universe, Quasar Pks 2000-330. The distance traveled by light from the quasar to earth is 11.5 billion light years 
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INTRODUCTION 


Dust is the beginning and the end: the essence of existence. 


Dust is more than what accumulates around us in our daily lives, in our atmosphere and in our oceans. 
Dust is the debris of the world—be it the chaotic, unorganized matter from which life arises and to which it 
eventually decays, or the quarks and photons from which the universe draws its substance. 


All things in the universe—the galaxies, the planets and all matter—were made of dust and will one 
day become dust again before they begin another cycle of transformation. This chaotic, haphazard 
material produces everything ordered and coherent, and transforms itself into a multitude of substances. 
Everything in our life is but a transitory state and a recombination of this primordial dust. 


Yet throughout these cycles of change, there is a deeper component of all things that remains 
constant, unaltered, and mainly invisible—a deeper reality that lies beyond appearance, in the more 
fundamental or more complicated states of matter. Dust becomes a symbol for these basic components 
and processes of existence. It is what remains after all that is extraneous has been removed, but it is also 
what is born anew in the next cycle: residue as well as raw material, the fabric as well as the essence. 
Dust symbolizes the elements of the ultimate, unchanging laws and dynamics that govern the fate of the 
universe. 


Book of Dust is a glance at the history and the future of the universe. It puts our existence into sharp- 
focus perspective, marks the beginning and the end(s) of time and the important events that occur—from 
the violent birth of the universe and the formation of the stars to the silent demise of the galaxies and the 
death of matter, from cosmic dust to human dust, from molecules to intelligence. : 


Our world is revealed by breaking down to equations and chemical formulas the processes that 
underlie all creation, life, and destruction—from our humble beginnings to our achievements and follies; 
from our "pleasure powders" to our neurotoxins, viruses and mutagens. The whole human race is set 
within the greater scheme of things: the earth versus the sun and the galaxy; the universe versus other 
universes; the inevitability of thermodynamics, entropy and the ultimate end(s) of the universe. 


Book of Dust is an attempt at summing up, gaining, if not an ultimate view, a clearer perspective. It is 
hoped that from this seed, further thoughts may grow. Dust is both a metaphor and the connecting thread, 
which strings together facts and phenomena, to be held still for a moment of contemplation and scrutiny. 


The book presents information and events that are in a constant state of flux while they reflect 
underlying processes whose transformation is eternal and predetermined. The book is a glimpse of reality 
and its dynamics shown through facts, numbers and formulas. To the extent possible, it is unpolluted by 
hearsay, misinformation, and the crust of accumulated opinions. Physical reality, facts and ideas are 
thereby allowed to emerge; they are pared down to their core or essence and brought under one cover to 
evoke interaction among them. 


When superfluous or erroneous information is stripped away and only valid data and essentials are 
considered for analysis and overview, new associations, connections and insights become possible. 
Brought to light, invisible patterns are revealed and new processes are initiated between the multitude of 
systems and disciplines. Thus all things can once more be considered simultaneously and be evaluated 
readily in terms of their dynamics, facilitating a more comprehensive and precise perspective. 


Book of Dust is a result of thoughts that stem from a deep concern not only with human survival but 


with its methods and standards. Can our principles remain intact, or will they perish in the struggle? Will 
we become mechanized superbeings with minds of steel and hearts of tin? Who and what will lead, 
compel and stir us? What will we believe in? 


Mankind” has initiated and accelerated processes it can no longer control. 


Within the last 10,000 years man has become the dominant life-form on the planet. His success is 
derived from his intelligence and the development of culture, which has enabled him to transmit vast 
stores of knowledge to succeeding generations and eventually break the constraints of nature, allowing the 
population to grow exponentially. But the power man gained through his proliferation and the technology 
he created has drastically altered the ecosystems of the earth (see epilogue: The Predicament). 


In order to satisfy his intelligence and boundless curiosity, humanity has already extracted more 
information about the universe than any one person can assimilate, and this flood of information continues 
to accelerate. To cope, individuals began to focus on narrow fields of knowledge. The great power 
gained by this specialization cost man his sense of purpose; it has become almost impossible to have an 
overview necessary to harness human progress into safe and beneficial directions. Fragments of 
knowledge are used on an ad hoc basis, but coherent direction for mankind is lacking. Even if man is 
able to predict which of his activities precipitate disaster, he is ill equipped to act on his predictions 
effectively. Lack of focus and a clear overview, coupled with reluctance—as the price is high and benefits 
are deferred to future generations—paralyze his judgment and render him helpless (see epilogue: 
Specialization). 


Book of Dust is a cross section of existence; its language consists of facts—an objective account that 
contains all the drama of reality. It is an open-ended, comprehensive guidebook to organized chaos, the 
drop that contains the ocean. It is the anatomy of all existence with the flesh removed: the essence of all 
matter, of a flower, a mountain or a galaxy, of you and me. 


Book of Dust is an odyssey that began over sixteen years ago as an art project entitled "Study of 
Dust", exhibited with other works at the Corcoran Gallery of Art in Washington D.C. during 1974, in my 
first solo museum show. It has since been included, in various forms, in many exhibitions in the U.S. and 
abroad. 


One work, Human Dust, was probably most symbolic and relevant to this book. In this work, an artist 
becomes his own essence, reduced to numbers and statistics that are exhibited together with his own 
calcareous remains. 


Over these sixteen years there have been many changes in much of what we know and understand. 
The ideas and concerns that originally prompted this book have since been largely substantiated. It is 
amazing how many of what were regarded as vague notions and mere presages are today accepted as 
fully recognized facts. In other respects nothing has changed; we are just further down the road with the 
same lack of resolution. Some of the information presented in the book would have seemed shocking ten 
or even five years ago, but today it is common knowledge, which only proves the rapid acceleration of 
everything in the world around us. 


*The terms "mankind," "man," and “he” are used in the text for the sake of brevity and refer to both 
sexes of humanity. 


When | first began, much of the technical data that is readily available today was beyond the brink of 
knowledge. Because of little public interest or awareness, practically no literature existed on the subjects | 
needed in my search to verify my concepts. Even data that were available in textbooks had to be 
assembled from many different sources, the rest from research libraries, obscure archives, and 
government agencies, and then the fragments had to be slowly pieced together. A tedious process began 
as | went through hundreds of books while an enormous amount of information continued to accumulate. 
The books were soon obsolete as the growth of new information rapidly accelerated. When written 
information that would substantiate a particular concept was totally lacking, it had to be extracted from the 
minds of scientists and other specialists, where the germ of the idea lay in various stages of development. 
This method proved one of the most exciting aspects of an otherwise overwhelming and frustrating task. 
Much like artists and other creative people, scientists tend to be peculiar but stimulating, creative but 
neurotic. They are walking encyclopedias, with a bizarre sense of humor. Working with scientists is like 
trying to see around a corner. One must guess their terminology and rephrase each question a dozen 
ways before they respond. If only they had all the information; but, individually, they just have bits and 
pieces. Preoccupied and inaccessible, they sit in their think tanks oblivious to most matters beyond their 
narrow specialties. Just seventy-five years ago Einstein could have understood all of physics. Today it is 
fragmented into hundreds of fields, with no one person capable of understanding them all. When these 
scientists had time for me, they were exhilarating to work with. We locked minds and wrestled. We 
understood each other’s obsessions. The closer our ideas came to the edges of understanding, the more 
our thinking converged, proving that creativity unites everything, even unrelated disciplines. | found that 
despite all we have discovered, science is really limited. We devise theories about the universe that can 
never be tested because of the limitations of space/time in which humans function, defying the very 
definition of science, which is based on the premise that theories must be verified. It is frustrating that we 
can never know all about the universe because our measurements interfere with what we measure: the 
more accuracy we gain in one respect, the more we must lose in others (the uncertainty principle). 


As | compiled more information, constant cutting and rewriting became necessary as thousands of 
pages accumulated. My ideas on specialization were being proved; | was drowning in it. 


And yet, the closer one ventures to the edge, at the fringes of knowledge, the more intense the 
excitement. Having risked leaving a safe world where one has learned to function in order to seek the 
thrill of unknown territory, one is unsure and vulnerable, working in areas where information becomes 
vague, definitions blur and answers thin out. In this strange land of possibilities and ambiguities, one is 
alone with one’s faith, curiosity and the hope of a new connection or some insight. One must break 
through membranes and eliminate boundaries to enter this land. It is new, transparent, pure, and 
unspoiled, where nothing can hide—a realm where one can place one’s dream and vision, as though it 
were an incubator, and watch it take root and develop. 


Many years passed. | kept collecting, extracting and distilling data in order to arrive at the essence | 
was after. As the world changed, so did my book. It became a mirror, a counterpart of its time. In the 
meantime | had many exhibitions and completed three other books while the Book of Dust persisted and 
did not let me be—as if it had taken on life and demanded to exist. It certainly changed as often as a 
living thing. | received a grant for the book a few years ago and set out to do final condensation and 
corrections. This turned out to be an endless process as information out in the world keeps changing and 
distillation seems to have no limits, as though one were entering inside matter where there is always a 
smaller fragment to be found. When it finally became obvious that this process of summing up could go 
on forever and neither be complete nor a total overview, | stopped. As it now stands, the book is less 
than five percent of the original material assembled and written. It does not matter at what point a process 
is arrested or evolution stopped for a moment of contemplation or analysis. A cross section of existence 
at any time will yield a perspective, initiate awareness and insight. Only the assortment of information may 


vary. In the end all books are limited; most have a premise they hope to prove. | only want to prove the 
paradox. 


Knowledge, like the universe or the surface of the earth, is finite but boundless. Regardless of what 
direction one starts out, eventually one must return to the beginning or close to it, and while doing so, 
touch on everything there is. 


The eternal paradox built into the universe has shaped my book. As we grow up, it slowly dawns on 
us that there are no ultimate conclusions, only intermediate steps in a process that never ends. Order and 
chaos replace each other as pockets of order keep forming in a world of chaos; just as there is no 
everlasting happiness, only moments one learns to cherish. Our minds, views, even our language are 
inadequate to describe these processes. | want to emphasize that this is not a book of despair or 
acquiescence, but of questioning and fighting back, which is in line with human nature as it strives to 
better itself. | question all there was, is and will be, and all terms and processes through which we know 
things. | question my existence as well as existence itself—the human condition, our importance or 
insignificance in the universe. 


Reality has many sides, though we may only see a few at a time. | present the facts as they exist just 
before the twenty-first century (and the next millennium) bursts upon us. They are intended to be a fresh 
new look at things, in which the nuclei of information interact and communicate. The reader may add his 
knowledge, and the essence will take shape to form new images and concepts. By entering my book he 
becomes part of the process as easily as he is part of the universe. 


We are basically all very much alike and strive for similar pursuits, with shades of variation. We are all 
humanity on earth. We seek to understand. We seek to survive. To see is always a process of 
interpreting and isolating human experience, and it clarifies and intensifies existence. This work is my own 
search for the reasons of my existence: what | am, and what | will become in other forms. It is my 
boundless curiosity that built this odyssey to reach beyond its narrow human parameters to find a reason 
for and define its purpose—that my present consciousness will, perhaps, one day comprehend, but that 
my art, intuition, and vision know today. | try somehow to locate this curious, emotional animal on the 
map of space and time, to claim its substance—essence, dust—beyond barriers and beyond time. 


| wish to thank all those who encouraged and helped me through this journey, and those who will have 
the courage and inclination to enter these pages—an artist's view of the world. 


Agnes Denes 


Central view of Milky Way. 


Opaque bands of dust clouds in which new stars are being born block view of galactic center, 30,000 ly away. 


Lagoon Nebula in Sagittarius, 4800 ly away. Dust clouds and luminous hydrogen gas excited by the radiation of very hot newly born stars. 
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Dust lanes 20,000 ly across, aglow with infrared light, swirl around the nucleus of Andromeda Galaxy, 2 million ly away. 
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DUST 


Dust is particulate matter, the dispersed, disordered raw material from which everything ordered and 
coherent arises, and it is to dust that the complex decays. 

From the beginning to the end, dust underlies all existence. It is the specks of light one sees flickering 
in a sunbeam, the molecules of gas dashing randomly in all directions. It is the atoms and molecules of 
matter that can be recombined and reshaped into something new such as the ordered array of atoms in a 
crystal or in a living cell, and it is the dusts of interstellar space that condensed to produce the sun and its 
planets and all the galaxies. ; 

Everything that we understand as consistent, the living creature, the machine, the tree, are dust in its 
coherent phase, part of its continuous evolutionary cycle from order to disorder, from growth to decay 
repeated in seemingly endless variations. 

According to the second law of thermodynamics, entropy is forever increasing in the universe, and with 
it the chaotic phase of dust, destined to triumph over order. Nonetheless, we see order arising out of 
chaos everywhere as the random dust of earth are assembled into complex living things. This apparent 
negative entropy allows us to question if life has a quality that supercedes the laws of physics and negates 
the claims that this order is forever and irreversibly increasing. Life, however, is an integral part of the 
universe, and: cannot be isolated from it. The price of organization is increased entropy everywhere, even 
if it is deferred or invisible. 

Life is powered by a sun that has lived millions of times longer than humans and the cycles we see are 
tiny ripples in a system that takes billions of years to run down. These cycles are open ended. Every 
time a thing is born and later dies and decays, the world does not return to where it was before the cycle. 
The dust to which decay returns is greater than the dust that had created it. The cycles of life and death 
‘ncrease entropy; with each revolution the net disorder increases in the universe. The disordered phase in 
the nature of dust grows at the expense of its ordered one. 

Even the lives of stars seem cyclic. Our sun contains the debris of older generations of stars, and this 
cosmic recycling may last forever. But even the life of a star is only a moment in the total life of our 
universe, and the birth and death of generations of stars increase disorder just as life does, and there will 
eventually be a final generation of stars after which there will be no-more. 

Pockets of dusts becoming organized and cycling through death and rejuvenation are local phenomena; 
pulsations immersed in a background of disorder and are doomed to die out eventually. 

Even the universe may not be exempt from this principle. If the whole universe ultimately collapses and 
then rebounds to start over again, the next cycle will not be as energetic as this one was. The entropy 
and disorder that are being produced in this universe are so fundamental that they are likely to survive the 
death of the universe and effect the next cycle. 

The dusts of our universe are more than raw material. being transformed back and forth between 
consistency and disarray. Within themselves they contain many levels of both organization and chaos. 
The nucleus of an atom can be located with high precision, but the electrons that create its envelope are 
in elusive disarray. The atoms are positioned precisely in molecules and arrange themselves in perfect 
arrays we call crystals. Most solid matter is crystalline, but consists of disordered microcrystals. Most 
dust particles have crystalline interiors, but the microcrystal in one speck of dust cannot coordinate its 
order with that of another grain, and the dust remains chaotic. Yet it is from these dusts that the 
complexities of our civilization are built. Dust on one level is chaotic, and orderly and precise on another. 

As the universe evolves it creates new dusts for its various eras. At the beginning the dust of the 
universe was most likely high energy packed radiation. This soon decayed into a hot, compressed soup of 
quarks, which in turn condensed into the ordinary nuclei and matter of our present universe. Eventually all 
matter is likely to decay, and the only dusts larger than an electron will be black holes more massive than 
our sun. But even black holes decay, and if the universe lasts long enough the ultimate dust will be 
greatly diluted cold radiation in a vast vacuum. 
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The dusts of our era, though but a transitory formation in an evolving universe, will persist for many 
trillions of years. Their great miracle, life, is a cycle of ordered dust that strives to perpetuate itself. The 
great by-product of life, intelligence, is also like dust, with bits and fragments of coherence being produced 
out of disorder, but all too often it lapses back into chaos again. 

The transformation of dust into life and intelligence can last as long as there is organizable matter in the 
universe, and as long as there is matter there will be energy to power this transformation. These isolated 
pockets of order called life could survive for countless trillions of years in a universe forever decaying. 
Finally, the greatest product of order, intelligence, could become a factor in our universe that may one day 
challenge its most fundamental law, that disorder is the ultimate fate of all. 
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EVOLUTION OF DUST 


The universe came into existence about fifteen billion years ago. It may have been a mote of energy 
created ex nihilo, a spontaneous quantum fluctuation which created space and time as well as matter and 
energy. Or perhaps it was a "bubble" in another universe - dense, hot and chaotic - where many such 
"bubbles" form and collapse immediately. The one that became our universe grew and detached itself 
from its parent universe. In either case the new universe was hot and dense and very small, billions of 
times smaller than a proton but a billion billion times more massive, weighing about as much as a speck of 
dust in our world. 


When the mini-universe expanded and cooled down to a few trillion trillion degrees, the texture of space 
changed causing it to explode. The whole microcosmos doubled in size a hundred, perhaps a thousand 
times, growing in a moment from a sub-microscopic speck to a legitimate sized universe perhaps 
lightyears in diameter. As it grew it gained mass and energy. The law of conservation of energy need not 
apply to whole universes. This sudden rapid explosion, called inflation, although still untested, is a 
breakthrough in cosmology that has clarified many aspects of the early universe and allowed theorists to 
speculate about its origin. The inflationary universe theory, using particle physics (Grand Unification 
Theories) and Einstein's general theory of relativity, is an improvement over the older big bang theory that 
had served for many years. 


After the wild inflation stopped, the universe continued to expand, although much more slowly, and 
continued to cool down and evolve. 


Matter annihilated anti-matter, leaving behind a small residue of matter that is now the substance of our 
present universe. 


Protons, nuclei, then atoms formed, and clouds of gas filling space began to collapse, creating stars and 
galaxies, and eventually life - our present universe. 


As the stars die the universe will evolve into other ages, until either everything dissipates into radiation, 
or the universe collapses back upon itself, a reversal of the big bang. The ultimate fate of the universe is 
unknown. It may disappear into nothing or it may rebound and start a new cycle of existence. 


Our present age of atoms and stars and life is but a brief midlife episode in a universe evolving from its 
violent birth to an unknown end. 


ULTIMATE DUST 


The fundamental particles that comprise everything in universe are held together by four forces known 
to man, plus a recently discovered but unproven fifth. 


A genealogy of the four forces: 


time: 10°*8sec 10sec 10°'° sec today 
gravity 
oe strong 
weak 
bap electromagnetic 
electroweak 
gravity strong weak electromagnetic 
B 4 = = 
effects | mutual attrac- nuclear force causes light, electricity, 
tion of all binds quarks most radio- magnetism, atoms, 
particles and into protons activity and molecules, rocks, 
energy - binds and neutrons, neutron people 
universe and both into emission 
together nuclei 
range of force infinite 1Opscm 10°Scm infinite 
carriers of force gravitons gluons ZANT WN; photons 
stable particles -- up quarks q, | ; neutrino electrons e 
down quarks qy 
secondary particles -- protons p=2q,, + Iq ee 
neutrons n=2q4 sa p+e= 


* usually unstable, turns stable in protons and neutrons of many nuclei - decays into up quarks 


anti-matter: 


black holes: 


exotic particles: 


hypercharge: 


has opposite electric charge, same mass, energy as ordinary matter; anti-electrons e* 
(positrons), anti-neutrinos, anti-quarks. Annihilates ordinary matter (7 + @ = 
radiation) 

gravitationally collapsed objects that distort space-time -- they are neither matter nor 
radiation but fundamental objects of nature 


there may be unknown undiscovered particles filling the universe called dark matter 
(photinos, axions, quarks, cosmic strings) 

a proposed fifth force, related to the composition of matter that repels objects 
separated by less than a few hundred meters; there are hints of a still weaker sixth 
force that attracts objects. 
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OUR UNIVERSE 


Age: 7-20 billion yrs (100-300 million human lifetimes) 
Size: 7-20 billion ly, visible universe (v. u.) 

Lifespan: 100 billion yrs minimum -- possibly infinite 
Mass: 10°° g -- for visible universe 


Composition: hydrogen 75%, helium 23%, others elements 2% 


MICROSCOPIC 


size 10-3 cm 
(Planck length) 


velocity 10-” cm/sec 
(continental drift) 


power 10°° watts 
(neuron in brain) 


numbers less than 10 
(kinds of stable particles) 


density 10'© gm/cm? 
(nucleus) 

mass 10-8 g 
(electron) 

temperature 3K 


(cosmic background radiation) 


HUMAN SCALE COSMIC 

200 cm 1078 cm 
(person) (universe) 

100 cm/sec 3x10'° cm/sec 


(man walking) (velocity of light) 


10-20 watts 4x10°° watts 
(human heart) (sun) 
10% 1s” 


(atoms in human) (atoms in universe) 


1 gm/cm? 5x10~°° gm/cm? 
(human) (universe) 

10° g 10% gm 
(human) (galaxy) 

310 K 10’ K 


(human body temperature) (center of sun) 


That ultimate anthropocentric view that we are the center of the universe is true in a sense. In this 
universe of extremes humanity is almost in the center of its range of sizes, masses and temperatures. We 
are macroscopic, in the middle between cosmic and microscopic proportions. Our size is the geometric 
mean between atoms and the stars, 10 billion times larger than an atom, 10 billion times smaller than the 
sun. We are the mean between the ultra microscopic (quarks and Planck length), and the whole visible 
universe. Our world begins at the surface of our skin and we can peer inward and out to equal depths. 
Similarly, our body temperature, 300K, is the geometric mean between the 3K temperature of the universe 
and the 30,000K temperature of the hottest stars. Even our earth is a medium planet; there are four 
smaller and four larger in the solar system. We occupy a thin layer on the surface of the earth between its 


molten interior and frigid outer space. 
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Midway between these extremes of large and small numbers, in a hostile universe, we have found our 
narrow niche with a body large enough to develop the complicated mechanisms needed to generate 
intelligence, yet small enough not to be crushed by our own weight; at a temperature in which the 
molecules of our bodies simultaneously have the stability associated with low temperatures and the 
versatility for intricate reactions and complex chemistry without destroying themselves as they would at 
higher temperatures. The largest thing we know is the universe itself, 107° cm., while the smallest is the 
Planck Length, the fundamental unit of quantum gravity, 10°°° cm. The geometric mean between the two, 
1028 x 10-3 = 0.003 cm, is the size of the average living cell, practically the size of man compared to the 
extremes that exist in the universe. Therefore life itself seems to be in the middle of existence, equidistant 
between two extremes. 


Could our position in the center of things be a selection effect, the consequence of our ability to 
measure things, or even to comprehend them? Perhaps the degree of our ability to measure the 
microscopic equals the extent to which we can measure the cosmic or megascopic, and we are in truth 
the geometric mean of the capacity of our measuring tools, placing us in a false center of things. In that 
case we would believe ourselves to be in the center of the universe no matter what our magnitude, and 
everywhere in the universe there must be a kind of anthropocentricity existing where everything perceives 
itself as the center from a microbe to a galaxy to a universe to a god. 


singularity of black hole, size 
Planck length 

critical density of universe 
density of space around sun 
electron mass 

proton mass 

quark radius 

interstellar dust 

proton, radius 

visible photon (light) 

electron to proton in H atom 
X-ray photon 

atom, radius 

mass of grain of sand 

mean nucleon density of universe 
interstellar dust grain 
bacteria, radius 

air, density 

density of man 

cosmic background radiation 
density of earth 

density, center of sun 

temp. of interstellar cloud 
man walking, velocity 

man, height 

melting point of ice 

earth atmosphere 

human body temperature 
boiling water 

mean nucleon density of 
interstellar gas clouds 

# of stars visible to eye 
temperature, surface of sun 
fastest train 

mass of man 

speed of jet fighters 

H atoms in interstellar clouds 
oxygen molecule at room temp 
deepest sea 

highest mountain 

velocity of earth around sun 
temperature, center of sun 

H atoms between interstellar clouds 
power of thinking 

velocity of stars around galaxy 
power of human heart 


* visible universe 


0 

HOR S.cm 
5x107%° g/cm? 
6x10-?? 
10% g 
10% g 
<10°-© cm 
10-4 g 
10°? cm 
3x10" ergs 
10° ergs 
3x10°° ergs 
10°° cm 
3x10° g 
3x10-6/cm?® 
10% cm 
10° cm 
10°° g/cm? 
1 g/cm® 
3K 

5.5 g/cm® 
50 g/cm® 
80 K 

10* cm/sec 
2x10? cm 
273 K 

290 K 
310K 

373 K 


10°/cm 
3x10° 

5800 K 

10* cm/sec 
10° g 

10° cm/sec 
10° cm/sec 
10° cm/sec 
10° cm 

10° cm 

3x10® cm/sec 
10’ K 

10’ cm/sec 
10’ ergs/sec 
2.5x10’ cm/sec 
10® ergs/sec 


relative velocity of galaxies in clusters 
intergalactic wind 

solar wind velocity 

man walking 

man making love 

radius of earth 

power of human exercising 

light bulb 

supernova explosion 

largest velocity (light) 

radius of sun 

# of galaxies 

# of stars in galaxy 

automobile, power 

distance to sun 

# of cells in human body 
density of atomic nucleus 

mean density of neutron star 
mass of primordial black hole 

# of grains of sand on beaches 
distance to nearest star 

gas at room temp. and pressure 
Hiroshima bomb (energy) 
distance to center of galaxy 
total number of stars 

distance to Andromeda galaxy (M31) 
grains of sand on ocean floor 
center of sun (hot star) 

major nuclear war (energy) 
mass of earth 

distance to furthest known quasar 
comet striking earth 

mean density of neutron star 
power of sun 

mass of sun 

earth around sun 

mass of galaxy 

sun around galaxy 

energy of supernova explosion 
energy of galaxy in motion 

# of interstellar dust grains in v. u.* 
total energy in v. u. 

# of atoms in v. u. 

# of photons in v. u. 

possible chess games 
singularity of black hole density 


10° cm/sec 
10° cm/sec 
10° cm/sec 
10° ergs 

10° ergs/sec 
10° cm 

10° ergs/sec 
10° ergs/sec 
10° cm/sec 
3x10"? cm/sec 
10" cm 
10" 

1 0! 

10"* ergs/sec 
10° cm 
10% 

10°° g/cm® 
10° g/cm® 
10% g 

10'9 

10°? cm 
3x10'9/ cm? 
10*' ergs 
1072 cm 
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1074 cm 
1075 

10% /cm® 
107 ergs 
6x10?’ g 
1078 cm 
10° ergs 
10°"/cm® 
10% ergs/sec 
2x10" g 
3x10*° ergs 
10 g 

10° ergs 
10°' ergs 
10° ergs 
40% 

107° ergs 
408° 

108 

4910"* 
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THE HISTORY OF THE UNIVERSE - | 


As the universe evolves, it passes through various ages, each depending on temperature and density, 
but not on size. In the standard big bang (SBB) model the universe starts out as a point or singularity, 
and expands at a roughly constant rate. A recent refinement of the SBB model called the inflationary big 
bang (IBB), predicted by grand unified theories (GUT), has the universe experiencing an initial period of 
very rapid expansion, followed by the more gradual expansion of the SBB theory. Finally a third model, 
"ex nihilo" (EN), describes a microscopic speck of energy, a quantum fluctuation, arising out of nothing, 
then suddenly inflating, as in IBB. 


The geometry of the universe can be open or closed depending on its curvature. Two models of the 
universe are described here, a standard big bang model (SBB) and the more recent inflationary big bang 
model (IBB). For each model temperature, density and size are given at various epochs. There are 
different ways of defining the size of the universe. Shown here are the visible universe, that part of space 
which evolves to become the observable universe today, and the horizon distance, which represents the 
distance a light signal could travel from the big bang. The open universe has an infinite size, and the 
sizes in the chart below refer to the extrapolated size of the portion of the universe visible to our 
telescopes today. We can see approximately 15 billion light years into space, assumed to be but a 
fraction of the total universe. 


Age of Quantum Gravity 
t=0 (time) (Temperature) T=oo K 


The universe starts with infinite density and temperature, the singularity of the big bang. All forces are 
unified. Present science is inadequate to describe the details of this chaotic universe where the structure 
of space and time is distorted. The density at the end of the era equals that of all matter in our present 
visible universe (V.U.) squeezed into a single proton. 


t=10~*S sec T=10" K 
Age of GUT 


Energies, heat and density are beyond human imagination. Particles move at 99.9999999% of the 
speed of light. As universe cools space becomes trapped in an energy packed "false vacuum" (GUT). 


t=10> sec T=107" K 
Age of Inflation 


"False vacuum" causes the IBB universe to expand trillions of times faster than in SBB model. EN 
universe appears and immediately begins to expand, thereafter behaving like IBB. Energy is not 
conserved. Doubling in size every 10~* second, the universe expands by a factor of 10°° or more, 
creating uniform and nearly flat space. Particles like magnetic monopoles (GUT), greatly diluted by 
expansion, cannot be found in later eras. Inflation ends as space makes transition to normal vacuum and 
resumes regular expansion (SBB). 


t=10-*? sec T=107’ K 
Age of Free Quarks 


Energy stored in “false vacuum” is released filling universe with equal numbers of quarks and anti- 
quarks, a quark soup trillions of times denser than an atomic nucleus. IBB and SBB models now evolve 
identically. Weak force and electromagnetism separate. 
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Era ends with the death of anti-matter as quarks and anti-quarks annihilate each other. A small excess 
of quarks remain. All the matter in our present universe is this small fraction, a billionth of the original 
amount of matter that remained after annihilation. 


t=107 sec T=10° K 


Age of Nuclei 


Epoch begins as quarks combine to form protons and neutrons. Universe is hot ionized plasma 
uniformly filling space. Electrons annihilate anti-electrons, eliminating the last trace of anti-matter from the 
universe. 


3x10° yrs T=3000 K 
Age of Atoms 


Age begins as electrons bind to nuclei forming neutral atoms and molecules. Light passes freely 
through space. The universe becomes transparent (the earliest epoch visible through our telescopes). 
Black body radiation from this era is the "3 K microwave background" of our present universe. 


t=10° yrs T=10 K 
Age of Stars (our present era) 


Gravitationally unstable, universal gas collapses to form quasars, galaxies and stars. Milky Way forms 
when universe is at least 1 billion years old, Sun and Earth billions of years later. Era ends when last 
stars die one hundred trillion (10'*) years from now. However, the universe may end before then. A 
closed universe may start to contract in 100 billion years and take another 100 billion to reach the big 
crunch (4&@). 
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density* 


Horizon Distance 


Size of Visible Universe 


gm/cm* 


IBB SBB IBB 


SBB 


composition 


time 


age 


perhaps one particle, one force 


quantum 
gravity 


10% 


10° cm 10° cm 10 cm 


10°° cm 


1Or*2 Sec 


particles of GUT, magnetic 


monopoles 


GUT 


10” 


10-8 cm 10°°7 cm 10°? cm 


10 cm 


10° sec 


false vacuum of GUT + particles 


Inflation 


107” cm = 10° ly dlo7# 


cm 


1.072 


10? cm 


10? cm 


10° sec 


quarks: up/down/strange/charmed/ 


top/bottom 


Free 
quarks 


leptons: neutrinos/electrons/muons/tau 
meson gluons/gravitons/W particles/ 


etc. + anti-particles 
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10" 


10'8 cm = 1 ly 10° cm 10*7 cm = 10% ly 


10'§ cm =1 ly 


10% sec 


protons/neutrons/electrons/positrons 


neutrinos/photons; after 3 minutes 


He/D 


Nuclei 


11072" 


10°° cm = 10* ly 


107 cm = 108 ly 10°! cm 


107° cm = 10° ly 


3 x 10° yrs 


H, He, later heavier atoms and 


molecules 


Atoms 


110722 


10?” cm = 10° ly 10 cm = 10’ ly 10° cm = 10% ly 


10°7 cm = 10° ly 


10° yrs 


dust: gas, galaxies, stars, planets, 


Stars 


people composed of 90+ elements 


10% om = 10" ly 


105? 


10° cm = 10° ly 


1078 cm = 10" ly 


1078 cm = 10" ly 


(10'° yrs) 


Today 


PLURALITY OF UNIVERSES 


Whatever created the universe, may have created others, and it too may have been created by still a 
higher realm. In our world the interiors of black holes are so disconnected from the rest of space that they 
might be considered separate universes imbedded in ours. There may be universes parallel to this one 
and a hierarchy of them stretching above and below. We may call this plurality of worlds the omniverse. 


If the universe was created "ex nihilo", there should be at this moment a multitude of micro-universes 
being created somewhere. Most of them rapidly disappear "ad nihilo". A few "inflate", and survive. They 
are most likely different from ours with alien laws of nature, particles other than electrons and protons, and 
any number of dimensions. 


According to superstring theory (the best candidate for unifying all 4 forces), 10 dimensions are 
required for the interior of particles, 10 or less for universes. It also suggests a "shadow" universe 
interpenetrating ours. 


According to some, a strict interpretation of quantum mechanics implies that every time nature makes 
a "decision" (e.g when should a radioactive nucleus decay), separate universes are created and follow all 
possible choices. 


Other conceivable universes could be made of anti-matter; "tachyonic’ universes where the speed of 
light is the lowest possible velocity; entire universes existing within electrons or worlds beyond ours in 
which we are but the size of an atom. 


In principle we can never communicate with other universes. However, the Einstein-Rosen bridge 
through a black hole implies there might be momentary connections between universes. 


Our universe must be one in which intelligent life can develop, since we are here. Other worlds may 


be wildly different, may not even have matter, much less life, but have other wonders beyond our 
comprehension. 


The first shock that the earth was not flat, followed soon by losing our claim to the center of the 
universe, was certainly a blow to human ego, yet it was nothing compared to the knowledge that we have 
evolved from animals and that we may not even be alone as kings of creation in the universe. Now we 
are told that even our universe may not be unique! It is like loosing one’s innocence, distinction, 
egocentricity and self-importance in rapid succession. Is there anything left? 


23 


EARTH 


Five billion years ago a cloud of dust and gas, 30 to 50 light years in diameter, compressed by 
interstellar shock waves, began to collapse forming hundreds of star systems. The microscopic dust 
particles of atomic matter created in exploding supernovae perhaps a billion years before began to cluster 
together forming objects miles in diameter. Some survive today as comets. These bodies, with 
unconsolidated gas and dust, surrounding the newly formed proto-sun combined gravitationally into planets 
and moons. Midway among the planets in size and location, the earth, melted by a rain of millions of 
meteors and comets, separated into a dense iron core with a rocky mantle. First too hot to hold its 
original atmosphere, as the newborn earth cooled and its permanent crust solidified, an atmosphere 
formed from volcanos venting interior gases and from infalling icy comets. The infant solar system and its 
hundreds of new sibling stars gradually drifted apart to orbit the galaxy along separate paths. The sun’s 
fierce ultraviolet radiation, with no ozone layer to block it, produced chemical reactions in the primitive 
atmosphere and in the oceans that eventually culminated in life. 


age: 4.65 billion years 

diameter: 12,756 km 

distance from sun: 149,598,000 km - light takes 8 min 8 sec to travel distance 

surface area: 510.1 million km® (75% covered by water) 

mass: 5.976x10°’ grams 

surface gravity: 980.7 cm/sec? 

average density: 5.518 gm/cm® (densest planet in solar system) 

temperature: surface: -50 to 50 °C - average 10 °C; inner core: 4000 °C (iron and nickel) 
(°C is used to designate temperatures on earth, K= °C+273 elsewhere) 

water: ocean volume 350 million cu. mi (1157 million km*) 

natural satellite: moon, 3476 km diameter, mass=1/81 of earth 

magnetism: traps radiation above atmosphere (van Allen Belts), orients compasses 


The early sun was 40% dimmer but the primitive atmosphere trapped more heat and created a 
powerful greenhouse effect, making the ancient earth as warm as it is today. Everything about the earth’s 
development, its size and distance from the sun, and the sun’s increasing brightness, all contributed to 
keeping a balance between a runaway greenhouse effect and global glaciation fostering steady evolution 
of life for four billion years. 


primordial atmosphere early atmosphere present atmosphere 


CO,z, CO, HO, CH, Nz, COz, H2,O Nz,O2, A, COs 
traces No, NH3, NO, O2 1% Op, 2.5 billion yrs ago traces Ne, Kr,CO 
variable HO 


oldest known life: 3.5 billion yrs oldest known human fossil: 1.2 million yrs 
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SUN 


Our sun is a medium sized, average star, yet it is the source of all life on earth and the ultimate force 
controlling the solar system. We are dependent on minute changes in its make up and functions. The 
sun is a seething globe of incandescent gas. The enormous gravity produces very high temperatures in 
the center, where nuclear reactions occur and prevent the sun from collapsing. The luminosity of the sun 
comes from the temperature of its outer regions. Internal turbulence produces low frequency acoustic 
oscillations; the sun’s version of earthquakes. Magnetic storms produce cool sunspots and hot flares in 
which billions of tons of matter are shot thousands of miles up into the corona at speeds of 200 km/sec. 


In spite of its violent nature the sun allows life to flourish on earth. 


temperature: core 15 million K - corona up to 1 million K - surface 6000 K 

mass: 1.99x10°° g (330,000 x earth’s mass) 

density: 1.41 g/cm? (0.26 earth’s density) 

size: 696,000 km radius (108 x earth’s radius - 1,303,600 x earth’s volume) 
composition: 74% hydrogen, 25% helium, .8% oxygen, .03% carbon, .05% others 
age: 4.65 billion years - 20 revolutions around galaxy (galactic years) 
spectral type: GeV - typical yellow star 

location: 25,000 light years from galactic center 


surface gravity: 


power source: 


luminosity: 
solar energy: 


photosynthesis: 


The sun and the earth were born together almost five billion years ago and will probably die together 


27.9 x earth’s gravity 

4p — He + 2e* +2v+2y + 26.2 MeV - the end result of several 
reactions in which energy is generated in the core by fusion of 
hydrogen into helium + positrons and neutrinos. (5.4x10°? hydrogen 
nuclei consumed per sec) 0.7% of this mass (4 million tons/sec) is 
converted into energy 

4x10°° Watts 

1/2 a billionth of sun’s output reaches earth, only 65% of which is 
absorbed. Yet solar power at over one kW/m? is enough to supply 
all our energy needs for billions of years. 

6CO, + 6H,O > CgH,20, + 602 - conversion of carbon dioxide into 
carbohydrates in plants - produces 100 billion tons of biomass/yr on 
earth 


when the sun becomes a red giant five billion years from now. 
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Surface of the sun - solar flare and sun spot 
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LIGHT 


Light is made of photons, quanta of radiation, the great communicators of the universe, coupling us with 
space near and far, and with time, present and past. All our direct knowledge of the universe is 
communicated to us by them. Light is the most intense radiation produced by the sun. It is the greatest 
source of heat and is the source of energy for plant life (hence almost all life) on Earth. With few 
exceptions like some lasers, fireflies, etc., light is formed by hot electrons in matter radiating excess 
energy. The visible light which living things see is a small portion of the electromagnetic spectrum, the 
force of nature that binds together everything larger than nuclei and smaller than medium sized asteroids 
(larger bodies are held together by gravity). It binds electrons to atoms, atoms to one another to form 
molecules, molecules to form fluids and solids. Without light there would be no life as we know it. 


light: 


speed: 
lightyear: 
laser: 


white light: 


invisible matter: 


physics: 


electromagnetic spectrum: radio, infrared, light, ultraviolet, x-ray, gamma rays; 
electromagnetic radiation perceived by human eye (light): 390 (violet) to 770 nm (red) 
(1 nm=10 cm). The eye transmits more information to the brain than all other sense 
organs combined. The photon, a quantum of radiation, is the "dust" of light 


299,792.458 km/sec (186,282.3976 miles/sec) 
9.454x10'* km (5.875 million million miles) 
coherent radiation, purest spectrum, narrowest beam of light 


mixture of complete visible spectrum -- combination red, blue and green perceived as 
white by human eye 


dark matter in space, maybe 90% of the universe; inside a black hole, outside the 
universe, inside an electron 


classical theory - light as a wave, (diffraction, refraction, lens in eye, polarization, 
holograms) described by Maxwell's equations 


Veco V-D=4 D=cE 

x = at Tp 3 

Wier es V-B=0 B=uH 
Cc c at 


quantum theory - the duality of quantum physics - light behaves as both wave and 
particle; a wave packet, the photon. (photochemistry, photoelectricity, retina in eye, 
pigments) 

Einstein’s photoelectric equation, showing light as a particle 


E=hf - 6 


Schroedinger's wave equation, light as both wave and particle 
Sata 
—-——V? == 
ee ee 


Feynman diagram, quantum electrodynamics, showing photons as carriers of 
electromagnetic force between two electrons. 
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Lunar dust on a lava bed in the Sea of Tranquillity 


WIND MOON DUST 
(Mare Tranquillitatis), Apollo 11 mission. 


Wind is the dust that flows at various velocities in the universe - a stream of molecules, particles, ions 
and solids in convective motion. It is a moving force, an integrator and carrier of "dusts". 


intergalactic: an ultra thin hydrogen plasma traveling 10° cm/sec, may contain unseen exotic particles or ioe Mekis 

black holes that make up most of the mass of the universe - to 
Al,03 13.44 

interstellar: | shock waves from exploding supernovae made of ions of all elements, mostly hydrogen, FeO 15.91 
traveling several percent of the speed of light, driving interstellar gas at 10’ cm/sec and MgO 7.66 
compressing gas and dust clouds, until some collapse and form stars CaO 12.14 

solar wind: plasma of protons and electrons (temp. 100,000 K) ejected from sun’s corona, travelling Bet? #8 
nearly 108 cm/sec (1 million mph), 10®/cm? arrive at earth every second, some being ee ant 
deflected by earth’s magnetic field thereby saving our upper atmosphere from being driven P20s 13 
into space, a few striking the upper atmosphere, creating aurora and radio static ra ie 

atmospheric: hurricanes, trade winds, tornados, dust storms, etc. - air driven by sun’s heat and earth’s trace elements 43 
rotation and the jet stream (200-300 mph wind at altitudes near 30,000 feet) 

on Saturn: 1000 mph winds 

on Venus: 800 K winds, sulfuric acid clouds Age: lava, solidified 3.7 billion years ago 
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METEORIC DUSTS 


Size: from fine dust to 1,003 km diameter Age: up to 4.5 billion years 


typical composition: 


metallic meteors stoney meteors carbonaceous 
chondrites 
iron Fe 90.8% oxygen O 43.7% SiOz 23.08% 
nickel Ni 8.59% silicon Si 22.5% MgO 15.56% 
cobalt Co 63% magnesium Mg _ 18.8% FeO 10.32% 
traces of other elements iron Fe 9.88% H,O 20.54% 
Cc 3.62% 


organic compounds 
(amino acids, purines, 
pyrimidines, etc) 


The organic chemicals found in carbonaceous chondrite meteors that also exist in our bodies were not 
produced by living organisms; most molecules in living systems are asymmetric (e.g. amino acids in 
protein are all "left handed"), while meteoric compounds contain equal numbers of left and right handed 
molecules. However meteors (and comets), may have provided complex carbon compounds that helped 
life start on earth. 


"Martian and moon meteors". Several meteors found in Antarctica came from Mars or our moon - 
fragments hurled into space by very large meteors impacting on those bodies. Some "moon" meteors 
solidified as rocks on the moon 4.1 billion years old. 


Meteoric dusts differ in composition from the earth in only one significant way; the changes that occur in 
chemical compounds wrought by the activity of life on earth. 
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ORIGIN OF LIFE 


Reproduction of organic precipitate in 
seawater created by electrical 
discharges in the primordial atmosphere. 
Contains a mixture of amino acids, such 
as glycine, alanine, aspartic acid, and 
other organic molecules which, 
interacting for a half billion years 
produced self-replicating molecules, the 
first life. 


primordial soup 


From molecules to living cells, possible routes: 
1) organic molecules--a dilute soup in the ocean, a thick ooze on the bottom 
2) self-replicating molecules, possibly nucleic acids linking into a primitive RNA 


3) self-replicating molecules enclosed in a globule, concentrated inside some insoluble vesicle (lipid 
membrane, cavities in clay, coacervates), molecules reproduce efficiently 


4) primitive cells--the whole container of reproductive molecules grows and fissions into two working 
fragments, the first living cells 


Modern living and non-living organics: 
coacervates cell-like droplets formed in man-made primordial soup (does not reproduce and is not 
"alive") 


prions smallest infective agent, protein only, no genetic material, a molecule that reproduces by 
tricking living cells into making more prions (barely fits our definition of life) 


virus DNA (or RNA) encased in protein armor, reproduces by taking over the machinery ofa 
living cell - a form of life 


Soup or Mud? A new theory claims the first living molecules occurred not in open water but on the 
surface of clay particles, a catalytic accelerator of chemical reactions. 
Inorganic Life? The first self-reproducing molecules may have been inorganic, silicon-based reactions on 


mineral surfaces. This inorganic "life" may have then initiated the more potent but difficult to start organic 
(carbon-based), molecular life. 
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COSMIC EVOLUTION 


In the early prebiotic days of the earth, conditions were such that inorganic carbon compounds may 
have been spontaneously converted to organic materials. The conditions required were: extreme heat, 
electrical discharges (i.e. lightning), ultraviolet light and steam. As a possibility for such a conversion the 


following sequence is given: 


Cac, ———» HC=CH———>-CH, 


H,O 
calcium carbide acetylene methane 


glycolaldehyde conden- 
sation Oz 
CH,OH <———- CH, 0 < ——_-CH,, OH 


CHO formaldehyde methyl alcohol 
o/ \ 
oxidation 
CH,OH CH,OH ——— > CH,OOH glycolic acid 
| | 
CHOH CH,0OH COOH 
| glycol high 
CH OH temp. 
| metal 
CHOH NH, <———— No+ 3H, 
| ammonia 
iad 
CHO 
sugars CH, COOH 
(CgH;20¢) NH, 
glycine (simplest 
amino acid) 


other amino acids 
protenoids 


proteins ————>pre-living ———+living 


Similar proposals have been put forward to explain the appearance of the building blocks of the nucleic 
acids, i.e. the five bases (see section on genetic code). How the bases linked up to form RNA and DNA, 
"self replicating" molecules of specific base sequences, is one of the remaining questions without any 
experimentally verifiable answer. Some suggestions along these lines to explain prebiotic synthesis: 


- during cycles of periodic flooding and drying short-chain nucleic acids link together to form longer 
chains during drying phase, then pair up during flooding. The process repeats, building larger units. 


- self-reproduction of nucleotide derivatives is based on the idea that certain RNA’s catalyze their own 
copying and protein synthesis without the presence of other bio-catalysts (i.e. enzymes). 


* spontaneously formed proteins might have acted as catalysts for the reproduction of nucleic acids. 


- early proteins might have made complementary proteins that acted as templates for synthesis of the 
original protein. 


+ inorganic crystals may have been able to reproduce, act as catalysts and, in general, created 
conditions conducive for life based on genes and proteins. 


The evolution of cells is the fundamental hurdle that had to be overcome to ensure the development of 
life as we know it. No hard evidence exists but most persuasive is the suggestion that amino acids would 
bind preferentially into RNA precursors and would thus be encouraged to link up into pre-proteins. 

When this process occurred in either lipid spheres or within porous rock, over millions of years, natural 
selection took place and resulted in the modern cell. 


The first step in the path toward modern biological life was the appearance of a molecule able to 
reproduce itself (similar to simple modern virus particles). The second step was for such particles to 
enclose themselves inside a membrane that stored the molecules necessary for life and still be able to 
move in response to external environmental stimuli. Modern bacteria and blue-green algae are believed to 
be similar to these early cells. The third, perhaps easiest step, was for cells to: 


+ specialize in certain tasks such as photosynthesis 


* specialize areas such as nerves, muscles and blood 


+ cooperate with each other to form a single organism (a worm or a human). 


GENETIC CODE 


The nucleic acids, RNA and DNA, are substances in the cell nucleus that control heredity. Each is 
made up of long strands of base-sugar-phosphate units. DNA molecules are made of two such strands 
wound around each other in a double helix. 


base base base 
-(-sugar-phosphate-sugar-phosphate-sugar-phosphate-)- 


The sequence of the four bases (A,G,T,C), in DNA determines the genetic characteristics to be 
transmitted. Each DNA strand has thousands of such messages, and acts as a template for passing 
these codes to RNA molecules as they form. 

Messenger-RNA carries the code to the part of the cell where protein synthesis takes place (ribosome) 
and then signals transport-RNA to begin its work. Protein molecules, of which most animal tissue are 
made, consist of long chains of thousands of amino acids. The code carried by RNA determines the 
precise sequence with which amino acids are joined together to form a particular protein and thus its 
special properties. A single error in the amino acid sequence code are now known to be the cause of 
certain genetically borne diseases, e.g. hemophilia and sickle cell anemia. 

We are currently capable of detecting certain errors in the code of genes in early embryos and 
preventing birth of children with these defects by abortion. Correction of the code once an embryo has 
begun cell-division may never be possible. By such selection we may greatly reduce the prevalence of 
such defects in the human gene-pool, but since most occur spontaneously, the possibility of their 
recurrence cannot be prevented. The issue of whether or not to use our capability of preventing birth of 
"defective" children is a moral, not a scientific decision. 
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mammals 


200 Myr ago 
primates 
60 Myr ago 
Anthropoidea 
40 Myr ago 
old world new world 
monkeys monkeys 
Proconsul 
20 Myr ago 


Ramapithecus 


12 Myr ago 
man-like ape 
hominids 

5-6 Myr ago 

human branch 

of man-apes 
Australopithecus 

afarensis 


from 3.7 to 2.8 Myr ago 
walked upright, "Lucy" 


A. africanus 
from 3 to 2 Myr ago 


Homo habilis 
from 2.2 to 1.6 Myr ago - large 
brain, upright, used simple tools 


Homo erectus 
from 1.6 to .4 Myr ago 
direct ancestor, large brain 
used fire, language 


Homo sapiens 
600-400,000 yrs ago 
true human 


anthropoid apes 
7-10 Myr ago 
gorilla, chimpanzee, 
orangutan 


A. robustus 
from 2.2 to 1.4 Myr ago 
large body and jaws, vegetarian 
became extinct 


| SS Omio sapionsiicanacnwals 


Homo sapiens sapiens 
50,000 yrs ago to present, 
Cro-Magnon and modern man, only 
surviving species of genus homo 


Homo futurus 


our descendants by 


from 130 to 35,000 yrs ago- 
brain as large as modern man’s 
used fire, tools, weapons, 
buried their dead 
extinct, may have bred 
with modern man 


natural or artificial evolution, 


space explorers 


Homo machinus 
intelligent robots 
bionic man, androids 


Homo cosmos 
interstellar colonists, 
evolve in new, unexpected 
ways in space 
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HUMAN EVOLUTION 


"Man" appeared 600-400,000 years ago. 80 billion representatives of homo sapiens have lived on the 
planet. Today 5.2 billion inhabit earth, (6.5% of all who ever lived) and consume more resources than all 


previous humanity combined. 


Human growth seems to occur in three surges: 


Past 


hunter/gatherer 
600,000 yrs ago 
(12 billion total) 


Eskimos, 
African aborigines 


We a 


agricultural industrial/medical 
8,000 yrs ago 200 yrs ago to 


(42 billion) present (26 billion) 


Future 


computerization 
robotics 


biological migration into 
revolution space 


Brains governed by instinct grow fast. Intelligent brains develop slowly. The young of intelligent animals 
(apes, dolphins, elephants, humans), require a long and hazardous childhood while the brain matures. 
Humanity did not become successful until it invented civilization and language, and could protect and 


teach its young. 
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The Debate - One Million B.C. to One Million A.D. 


Agnes Denes 
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1969 
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Agnes Denes 1974 


- calcareous human remains 


Human Dust 


HUMAN DUST 


He was an artist. He died of a heart attack. He was born fifty years ago, which means he lived half a 
century, or appr. 2/3 of his expected lifespan. His father was a tailor and his mother a housewife. He had 
4 brothers and 1 sister. He was in love 3 times, married once, fathered 2 human beings, thus beginning a 
chain of 60 or more human beings added to the world population within 4 generations (counting up to 
2000 A.D.). Taking genetic and environmental factors into consideration, 4 of these will be doctors, 2 will 
write, 34 will bear children, 6 will be engineers or teachers, 1 will have an unusual talent, 1 will be a 
politician, 1 will collect garbage, 8 will be unskilled laborers, 1 will go to jail and 2 are uncertain. 

During his lifetime he visited 18 countries and spoke 2 languages. He traveled 55,000 miles not 
including commuting and read 4100 books. He attended college for one year. His aspirations were to be 
a great writer or a great artist. He wrote about 1/2 million words and painted 48 paintings, all told. In his 
lifetime he earned $160,000.00, was fired three times and held 17 positions after maturity. He was 
unhappy and lonely more often than not, achieved 1/10,000 of his dreams, managed to get his opinions 
across 184 times and was misunderstood 3800 times when it mattered. He believed in a god, was fairly 
religious at the beginning and toward the end of his life and could be considered superstitious. During his 
lifetime he consumed 4800 Ibs. of bread, 3000 gallons of water, 140 gallons of wine and 360 quarts of 
whiskey. He ate 56,000 meals, slept 146,850 hours and moved his bowels 18,548 times. He was sick 23 
times, caught 31 colds, pneumonia once, 7 virus infections and broke his leg falling off a chair while 
hanging one of his paintings. He served in the marines, was shot at several times but never wounded. 
He had relations with 27 women in his lifetime and ejaculated 3858 times. He voted in 24 elections and 
knew his opinions changed nothing. He was not a popular man - he had honest but uneven beliefs. His 
work was good but not great, and the last 10 years of his life he resigned himself to this fact. He had 4 
friends at various times in his life and was loved by 17 people, including his parents. He was liked by 312. 
His brain contained 10'° neurons and it received 10'° electrical impulses from his own sense organs, to 
each of which he responded. He smoked 210,000 cigarettes and tried drugs twice. 34 people 


remembered him or spoke of him after his death and his remains shown here represent 1/85 of his entire 
body. 


Agnes Denes 1969 
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HUMAN SPERM 
(in seminal fluid) 


Salinity: isotonic (same as sea-water, blood, 
sweat and tears) 


Motile. Moves by swimming through seminal 
fluid with gyrating flagellum. 


HUMAN OVUM 
(in utero) 


Salinity of uterine environment: isotonic 


Non-motile. Moves with motion of surrounding 
medium caused by external forces. 


Age: 200,000,000 years 
from Watchung Range, New Jersey 


Specific gravity 3.1 


VOLCANIC DUST 


Age: 12,000 years 
from Crater Lake, Oregon 


Specific gravity 0.6 


May live for weeks. at room temperature if Easily damaged when removed from natural Composition Composition by weight 
protected from bacteria, oxidants, radiation and environment (however ova of other animals may 
changes in salinity and hydrogen ion live for years under hostile conditions). SiO, 49% SiO, 70% 
concentration. Als O3 16 Al>Oz 15 
CaO 9 Na,O 4 

Up to about 500 million sperm cells are Several dozen ova are present in a woman at all FeO 6 K,0 4 
ejaculated during a single male orgasm. times. Only one is mature, and then only for a Fe,O3 6 CaO 2 

few days per month. Exception: occasional MgO 6 FeO 1.5 

release of two may produce fraternal twins. Na,O 3 Fe,O3 1.5 


Identical twins come from split eggs. 


Basic, fine grained igneous rock Composition by volume 
formed in quiet extrusion of magma 
from 10 miles below the earth’s surface gas 80% 


The gamete cells, the sperm and the ovum, are the only two 
solid 20% 


viable human cells that are haploid, i.e. they contain only 23 
chromosomes. The two combine to form a single diploid cell 
with 46 chromosomes needed to create a human being. 


Acidic, glassy igneous rock formed in 
explosive volcanic eruption from a depth 
of approx. 30 miles inside the earth - 
a froth of gas bubbles solidified in lava 
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ANCIENT DUST 


Oldest Mineral 
Zircon 4.1-4.2 billion years old 


Microscopic zircons (25 microns), found in ancient rocks in western Australia were crystallized a few 
hundred million years after the Earth coalesced. Original rocks encasing zircons eroded but zircons 
survived. 


Zr 49.76% Si 15.32% O 34.91% + trace impurities used to date zircons 
Oldest Rocks 


Metamorphosed sedimentary rocks in the Isua formation in Greenland were laid down 3.8 billion years 
ago. 


quartzite (SiOz) Si 46.75% O 53.25% 
silicates  (Al,Mg,Ca,Na,..)Si,O, + water of hydration 
Oldest Fossils 
Microorganisms fossilized by precipitation of silica (quartz) 3.5 billion years ago. 
Stromatolites in western Australia, fossilized layers of bacteria and blue-green algae; quartzite, silicates. 


Fossilized bacteria in the Gunflint formations in Michigan; quartz (SiOz), in the form of flint and chert, 
plus iron oxides (FeO, and Fe30,), create bands of color in rocks. 


Oldest stars 


Oldest stars are found in globular clusters. They appear to be over 13-20 billion years old, which is 
more than some estimates of the age of the universe. Obviously one of these age determinations is 
wrong. 
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"NOBLE" DUST 


NOBLE GASES 


Elements of group 0 in periodic table. Called noble because they very rarely combine with other 
elements. 


element atomic number use 

helium (He) 2 second most plentiful element in universe, rare on earth 
neon (Ne) 10 neon signs, lasers 

argon (A) 18 lasers, 0.94% of atmosphere 

krypton (Kr) 36 krypton light defines the standard meter 

xenon (Xe) 54 one part/20 million in atmosphere 

radon (R) 86 heavy radioactive gas, byproduct of radium from uranium ore, 


hazardous in uranium mining and in homes from 
underground seepage and accumulation 


On earth most helium and argon are products of radioactive decay. 


GOLD DUST (noble metal) 


symbol Au 

atomic number 79 

atomic weight 196.97 
specific gravity 19.3 
melting point 1064.43 °C 
boiling point 3080°C 
discovery date prehistoric 


SUPERCONDUCTING DUST 
La, _,Ba,CuO,, Ta Selo 
YBazCu307_, ie— 90 K 
Certain powders fused together into ceramics become high temperature superconductors, substances 
that are perfect electrical conductors in which electrons cooperate with each other as they flow through the 


solid and do not interact with the defects and thermal vibrations that cause resistance in ordinary 
conductors, thus act like "noble" electrons. 
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HAPPY DUSTS 


Ecstasy 3,4-Methylenedioxymethamphetamine 
C1,HisNOz 


Synthetic. New. Hallucinogen, psychotic behavior, 
disorientation, mind altering effects. 


PCP Phencyclidine (angel dust) 
Cy7Hos5N 


Synthetic. Disorientation, psychotic violent behavior, 
memory problems, hallucinations .d.f.o.* 


Cocaine (coke) 
3-(Benzoyloxy)-8-methyl-8-azabicyclo(3.2.1)octane- 
2-carboxylic acid methyl ester 


C17H2;NO, 


Alkaloid from coca leaves. Stimulant to central 
nervous system, increases heart rate, blood 
pressure, temperature. Hallucinations, hyperactivity, 
irritability, euphoria, physical & psychological 
dependence. d.f.o.* Crystallized free base = "crack". 


LSD D-Lysergic Acid Diethylamide (acid) 
C9 HosN3O 
Hallucinogen. Psychotic symptoms, schizophrenia, 


tremors, euphoria, rambling speech, distorted 
images; chromosome damage. 


Heroin Diacetylmorphine (horse) 
Cz; He3NO5 
Morphine derivative. Drowsiness, constricted pupils, 


anxiety, constipation, loss of appetite, convulsions, 
physical dependence. d.f.o.* 
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Speed Methamphetamine 
Cio His5N 
Abnormal alertness, aggressiveness, loss of appetite, 


distortion of time & space, depression, psychological 
dependence. d.f.o.* 


DMT N,N-Dimethyltryptamine (businessman’s special) 
Ci2HigNo 


Hallucinogen. Irrational behavior, rambling speech, 
euphoria, psychological dependence. 


Peyote mescaline 
C,,H;7NO3 


Mushroom, cactus. Hallucinogen. Irrational 
behavior, nausea, rambling speech, hyperactivity, 
psychotic reactions. 


Marijuana Tetrahydrocannabinol (pot) 
C21H39O2 


Talkativeness, restlessness, increased appetite, 
impulsive behavior, reduced motivation, 
hallucinations, psychological dependence. 


Alcohol ethanol (booze) 
C,H,O 


Mood altering drug, producing exuberance, loss of 
inhibition & judgement, depression, relaxation, 
slurred speech, stupor, convulsions. Teratogen 
(deforms fetuses). Highly addictive to some. 


Cigarette smoke 
nicotine: C19 H14No 


Contains benzo[a]pyrene (see carcinogens) & 
nicotine, a toxic alkaloid absorbed through mucous 
membranes, skin. Causes more deaths than all 
other drugs combined. 


* d.f.o. death from overdose 
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symbol atomic atomic 
~ weight 

Pb 82 207.21 
Mn 25 54.94 
As 33 74.91 
Cd 48 112.41 
Hg 80 200.59 
LEAD MANGANESE* 
brain damage destruction of 


central nervous 


system 


POISONOUS DUSTS 


specific 
gravity 


11.344 
7.20 
5.727 
8.65 

13.546 


ARSENIC 


cancer 


melting 
point °C 


327.4 
1244 
814 
320.9 
-38.842 


muscle paralysis- 


death 


* small amount necessary for good health. 


mercury 
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boiling 
point °C 


1740 

1962 

1649 
765 
356.58 


CADMIUM 


lung damage 


lead 


discovery 
date 


ancient 
1774 
1649 
1817 
before 1500 BC 


MERCURY 


central nervous 
system damage 


METHYL ISOCYANATE (MIC) 


colorless liquid, very volatile 


formula: CH3-N=C=O 

boiling point: 39.1 °C 

tolerance: .02 parts/million in air 

use: manufacture of insecticides, plastics, etc. 


Reacts violently with moist body surfaces producing ulceration in eyes and pulmonary edema in 
lungs. Five tons of escaping MIC caused 2000 deaths and over 50,000 injuries in Bhopal, India on 
December 3 1984. Survivors suffered blindness, lung damage, miscarriages and genetic defects. 


GASES USED IN COMPUTER CHIP PRODUCTION 


The integrated circuit industry consumes large quantities for doping and etching semiconductors. 


arsine AsH3 destroys red blood cells--hemolytic 

borane BH3,B2H, bronchopulmonary trauma 

phosphine PH, spontaneously flammable in air, causes pulmonary edema 
silane SiH, respiratory tract irritant 

silicon tetrachloride SiCl, irritant, eyes and lungs 
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AIRBORNE DUST 


New York Air 


1974: sulfur dioxide (coal, oil), 0.09 ppm; dust, soot, ashes caused by fuel combustion and incineration, 
500 tug/m?, causing acute breathing problems; carbon monoxide, 50 parts per million, replaces oxygen in 
blood, causes dizziness, nausea, stress on heart; hydrocarbons; nitrogen oxides, (catalytic agent capturing 
sun’s rays interacting with hydrocarbons and other gases to form "photochemical smog"), a product of this 
is ozone, a highly poisonous gas. 


Inorganic pollutants: metals-lead; antimony, bismuth, silver, copper, cobalt, iron; nitrates, sulfates, 
chlorides, oxides, ozone. Exposure to hydrocarbons, tar, paraffin, carcinogens. 


Pollution levels in 1984 were: sulfur dioxide 0.021 ppm; particulates in air 57 t1g/m%; nitrogen oxides 
0.037 ppm; ozone, 0.02 ppm; lead 0.89 ug/m%, nitrates 3.5 \ug/m*; sulfates 8.4 ug/m*®. The lower 
pollution in 1984 is due to enforcement of the Clean Air Act. Nationwide during last ten years sulfur dioxide 
was reduced 24%, particulates by 55%, carbon monoxide from autos by 90%. 


Air Pollution - Worldwide 


Sulfur dioxide (ppm) | Suspended particles in air (ug/m*) 


City max average max average 
Bagdad 0.102 0.033 710 370 
Zagreb 0.14 0.028 830 320 
Warsaw 0.113 0.011 481 44 
Paris 0.14 0.029 220 40 
New York 0.094 0.021 129 62 
Chicago 0.074 0.014 | 231 129 
St Louis 0.071 0.011 913 99 
Tokyo 0.038 0.017 312 59 
Auckland 0.022 0.015 41 21 


Mexico City no data available - extremely high pollution 


Other atmospheric pollutants monitored continuously: 


carbon monoxide -- regional averages across US range from 16 ppm to 6 ppm, with peaks of over 20 
ppm. US standard, 9 ppm. 


nitrogen oxides -- a cause of acid rain -- national averages range from 0.02 to 0.04 ppm, all below US 
standard, 0.053 ppm. 


ozone -- ranging from 0.1 to 0.22 ppm, but often runs higher in summer. US standard, 0.12 ppm. 


lead -- from gasoline additive, non-ferrous smelting, and battery plants, peak values have dropped from 
3.2 g/m? in 1975 to 0.7 g/m? in 1983. 
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Acid Rain 


Acid rain is the result of sulfur and nitrogen oxides (SO., NO») from burning fuels (coal, 
oil) in automobiles & industry, forming sulfuric acid (H,SO,) and nitric acid (HNO3) when combined 
with trace gases in the air. Can destroy environment (lakes, fish, and perhaps soil, crops, wetlands), 
while its acid corrodes exposed artworks (statues, stained glass windows, etc). 

250, + 2H,O + Op — 2H,SO, worldwide emissions: 65 million tons/yr SO, 


NoOs SE H,O —> 2HNO; i : 15.4 u a NO, 


About 50% of acid rain is deposited locally - the rest is carried downwind to pollute other areas: 


polluter victim 
US midweast | eastern Canada, northeastern US 
France south Germany, Czechoslovakia 
Germany Poland 
England Scandinavia 

Air Pollution 


Two Major Sources 


1. Refuse Combustion 


More than 260 different compounds emitted, including: 


Chlorobipheny| Carbon disulfide 


wh & 


Fluoranthene 6H-Benzo (cd) pyren-6-one 
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2. Automobile Exhaust 


Carbon monoxide CO 
Nitric oxide NO 
Nitrogen dioxide NO, 
Carbon Cc 
Lead Pb 


+ more than 450 hydrocarbons, 
aldehydes & other molecules in 
gaseous or particulate form. 


Damage to Ozone Layer 


Primary cause: chlorofluorocarbons (CFCs or freons) from propellants, refrigerants, solvents - may 
deplete ozone layer in stratosphere, exposing earth's surface to energetic ultraviolet radiation, causing 
skin cancer and damaging plant and animal life. The structure of the upper atmosphere may be 
altered with unpredictable effects on climate. 


Production of CFC-11 and CFC-12 in US is down by 10% from the mid 1970's and Freon aerosol 
use has decreased by 40%. In Europe and Asia, however, increased emissions result in a worldwide 
emission rate little changed from ten years ago. 


Emissions of carbon tetrachloride, methane and methyl chloroform have increased and changes in 
the ozone layer may soon be observable. 


During the sunless winters of Antarctica a "hole" appears in the ozone layer. This hole becomes 
larger with each year. 


Greenhouse Effect 


Without atmosphere the earth’s climate would resemble that of the moon: warm days from direct 
sunlight and extreme cold nights as infrared radiates back into space. The temperature would be 
about 20° to 40°C colder depending on latitude. 


The atmosphere is transparent to sunlight, but its gases block the radiation back into space. This 
warms the earth and creates a greenhouse effect making it hospitable to life. Man’s interference is 
about to upset this balance and may create a disastrous greenhouse effect or trigger an ice age. 


The primary natural greenhouse gases are carbon dioxide, COz, and water, H2O. 


Carbon dioxide in atmosphere __ parts per million: 


1958 315 
1965 321 
1970 326 
1975 332 
1980 338 


Carbon dioxide is increasing at the rate of about .4 %/yr. 


Other greenhouse gases in atmosphere: traces of chlorofluorocarbons (freon (C,Cl,F,), methane 
(CH,), nitrogen oxides (NO,). One molecule of CFC-11, a freon, produces as much warming as 
10,000 molecules of carbon dioxide. Most of these gases, plus COz, enter the atmosphere because 
of burning of coal, oil, and gasoline. 


Effect of buildup: doubling CO, in atmosphere will raise temperatures in middle latitudes by 2-3°C, 
much more in polar regions, melting icecaps. Anticipated temperature increase in A.D. 2150 to 2200 
is 6°C worldwide, comparable to climate of the era of dinosaurs. 


Doubling CO, would raise the sea level by 15 feet, flooding Miami, New Orleans, many low lying 
cities around the world. 


Climate changes: some areas will become drier (middle U.S., western deserts extend into Canada, 
etc.), others will become wetter, such as western and northern Africa (Sahara region); India, Australia; 
resulting in great changes in crop production and land use with some countries facing starvation and 
others gaining rich arable soil. 


All life may be altered within a century by man’s interference with the greenhouse effect. The only 
feasible remedy is to drastically decrease fossil fuel burning. Corollary: power must come from other 
sources, of which nuclear fuel is the only reasonable possibility. Fusion power, which is much safer 
than our present fission power, may become practical before the end of the century. 


concentrated New York air 


LUNG DUST 


Causing pneumoconiosis (dust-lung disease; 
silicosis, anthracosis, asbestosis, berylliosis) 


Formula Molecular = Specific Discovery 
Weight Gravity Date 
Silicon Dioxide SiO, 60.09 2.65 ancient 
Coal dust Cc 12 1.8-2.0 ancient 
Asbestos* Mg3Si205 (OH), 554.34 2.5-2.65 ancient 
Beryllium Be 9.012 1.848 1798 
Talc Mg3 SigOQ;9(OH)2 379.32 2.6-2.9 ancient 


Acute danger: 5,000,000 free silica 
particle/cu ft of air -- size below 5 microns 


* Chrysotile - the most common commercial form of asbestos, a group of fibrous 


Organic Dusts 


minerals 
cotton dust textile workers 
(CgH1905)n 
wood dust sawmill, 
woodworkers 
wheat dust / protein grain elevator, 
mill workers 


"brown lung" (byssinosis) 


respiratory diseases 
larynx, lung cancer 


lung disease, causes 
_ explosions in grain elevators 


pure asbestos 


CHEMICAL CHANGE 


Reduction in natural 
cleansing capacity 


Increase in toxics 
Lower pH in lakes 
Infertile soil 


Higher eye irritant 
levels 


AGRICULTURE 
herbicides, 
pesticides 


HEAVY INDUSTRY 
airborne dust, 
acids, heavy 
metals 


SOIL CHANGE 


Loss of usable soil 


Addition of many pol- 
lutants 


Habitat destruction 


Ecosystem degradation 


Effects are local, 
except for erosion 


PHYSICAL CHANGE 


Soil erosion 
Esthetic losses 


High haze, low 
visibility 


Greenhouse effect 


Climate change 


EMISSION 
OF 


POLLUTANTS 


WATER CHANGE 


a Pollution uptake by 


bottom pH changes 
Oil spills 


Waste disposal and 
dumping pollutants 


erosion |Water flows produce 


microorganisms, fish 


effect far from insult 


BIOLOGICAL CHANGE 


Crop reduction 
Soil fertility changes 


Ecosystem damage: 


pesticide effects on birds 


acid rain effects on fish 


Disruption in natural 
predation/ prey bal- 
ance 


exotic chemicals 


SOCIAL ACTIONS 
combustion products 


lead from autos, 
used_oi] 


AIR CHANGE 


Added pollutants 
Visibility loss 
Greenhouse effect 


Climate change 


Atmospheric mixing 
produces effects 
over great distances 


atmospheric transport and deposition, acid rain 


O@ 
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POLLUTION 


WATERBORNE DUST 


Water: H»O (dihydrogen oxide), the primary constituent of the human body, the solvent in which the 
chemistry of life transpires, ubiquitous on the earth’s surface, capable of dissolving both nutrients and 
poisons in the environment. 

Presence of water on the earth’s surface provides the connecting link between air and soil. 


Freshwater Dust 


Pollution added to the water cycle produces transfer of pollutants between air, water and soil. 


A tO OZONE LAYER 


ies mG 
eee are 
DEPOSITION DEPOSITION 
PRECIPITATION acin RAIN nite TAT. 
DUMPING 


~ 


SEDIMENT 


At 75% of sites (Superfund’s National Priority List), pollutants were found in the local ground water. Most 
common: trichloroethylene. 


Discharges to US waters decreasing but still large. Once in water, many chemicals have long lifetime. 


Poison Water 


Common hazardous materials at dumping sites: 


Heavy Metals Organic Compounds 

arsenic As benzene CH, 

lead Pb carbon tetrachloride CCl, 
mercury Hg 1,1,2 trichloroethane CIH:C-CCl.H 
cadmium Cd 

zinc Zn 


antimony Sb 


Chemicals in dumps and landfills leak into underground aquifers, source of many cities’ drinking water. 
May stay in underground water hundreds of years after dump is cleaned up. Heavy metal may cause 
brain and nerve damage. Effects often cumulative; small intake builds up. 

Presently there is no safe and economically feasible way to get rid of hazardous waste without causing 
serious harm to the environment. 


FRESH WATER POLLUTION ~ 
POLLUTION Sec) av aed ~V 
CHEMICALS 
EROSION) 
SOIL PESTICIDES : ~ OCEAN PoLLuTivn 


Dust in the Sea 


Deposition of dust from continents to the oceans: 


Pacific (from China) 20 million tons/yr 
Atlantic (from Sahara) . o 


The open ocean is clean; coastal areas, seas partly surrounded by land are the most polluted 
(dumping, chemicals, metals, sewage, petroleum tankers, radionuclides, river discharges, plankton 
blooms). 


Ocean Pollutants: 


Baltic Sea all pollutants, especially metals, organochlorine compounds, oil spills 
codfish: 0.020-0.88 ppm mercury, up to 230 ppm organochlorines 


North Sea industrial discharges, oil. Oil in drilling areas: up to 18 ug/liter; in "clean" offshore 
water: 0.5 to 2.5 g/liter 


Mediterranean Sea _ since outflow into Atlantic is inefficient, pollutants accumulate 
bluefin tuna: up to 4 ppm mercury 


Gulf of Mexico receives discharge from Mississippi, hence wastes of mid-US 


US coastal waters some areas clean, but polluted at numerous specific sites 


Soil Dust 


Time to form soil from rock and organic debris - thousands of years 
Time to erode soil after deforestation or overgrazing - 30 years 
Soil composition: inorganic and organic - silt, sand, clay, living and dead organisms 
Soil uses: agriculture, source of fiber and building materials, disposal site for industrial and urban wastes 
Soil pollutants: dioxin, benzene, pesticides, herbicides, heavy metals (arsenic, lead, mercury) 
Soil loss: 
+ amount of cultivated land is constantly reduced by urbanization 


- fertile soil becomes infertile through overcropping or unusable because of pollutants 


- trees cut down, grass eaten by herds - result is soil erosion, as in Sahara where famine killed 100,000 
in 1969. Lands where desert is expanding: Mauritania, Mali, Niger, Chad and Sudan 


Garbage pollution: 


disposal is becoming a worldwide problem polluting the entire ecosphere. New solutions need to be 
implemented immediately to deal with waste. 


PESTICIDES 
CARCINOGENS 


:" H 
Insecticide Parathion Cy, 9H,4,NO;PS C2Hs0 S c— 
Organophosphorus compound related to nerve jee \ = H H H 
gas. Inhalation or few drops on skin fatal. rg y * | | | 
CeH.O —_—, Benzofa]pyrene CagH;. H C fe H 
25 No S77 So YS 7 
also: DDT, TEPP, Disulfoton, Chlordane H H ° 
A prominent product of incomplete combustion I ! | | 
found in cigarette smoke, soot in the air and in H~ NeF a in 
H H H tarring operations. 1.5 million lbs. released into | | l| 
N / Ns / air annually, mostly by burning coal in U.S H é Cc Cc 
Herbicide Paraquat  CipHy4ClpNp c—c ec er g ‘ib HA So So SH 
seo” eee ec | | 
Oncogen & mutagen. Fibrosis of lungs, death = ¥ 7 a / 2 4 . 
from anoxia. Restricted in US - used on Cc poe 
Mexican marijuana fields. 4/ \; Fd H 
Polychlorinated biphenyls (PCB) C,.H,Cla, x xe aX x 
also: DNOC, 2-4-D, Tetrachlorobenzene 2ck- C,2H7Cla, etc. % if \ Hf 
pe c=cC 
fe) fe) x—¢, C=——C C——Xx 
et 
e “i * N Used in electrical transformers, plastics, wood . I \, f 
Fungicide  Drazoxolon Cy HgCIN3Oz2 c=—=C H ; Il preservatives, flame retarders. Persists in A = tA e 
/ \ Ncu environment for years. 
F F F HG C——N——N 3 
Very toxic to humans, fish, livestock. \ Vy 
Regulated in US & Europe - free use in third c—c X=H OR CL 
world countries. n/ ch 
also: mercury compounds, Captan, Folpet : 4 Dioxin (TCDD) C,2H,Cl,O. 
H OH \ / 2,3,7,8 tetrachlorodibenzo-p-dioxin 
NG Se a: i i 
A AS I] 
eee - Cc Cc c—c—¢ oH Frequent unwanted byproduct of chemical ch oxy pW gon Pa) 
odenticide Warfarin rottjeOs || | jer vas processes -- e@.g. component formed during ff i C 
H- NcANo-f rie \y manufacture of herbicide 2,4,5-T -- called Agent | C | | 
Death by internal hemorrhaging. New York's | 0 c=0 Orange in Vietnam. Potent carcinogen, ad “ct “om Sc Nev 
16 million rats (two for each person), are H | teratogen & mutagen. Causes _ genetic | | 
developing resistance. CH3 changes, deformed fetuses, growths. A e 
H 
| 
H CN UH 
“er er” 
Talon Cz;H»3BrO, l l jae : : 
Used on warfarin resistant "super rats”. yee oe OH c re} H 
H ‘ HH | ie | . : Aflatoxin B1 CHi2On 07 eee ae 
“ Cc 
ee Oa ea ge ocala CUR H re Led 
also: Endosulfan, Red Sauill, Strychnine i l ix | I | H os ee are SH 
I C a HH ee da cal Natural toxin & carcinogen, a metabolite i l i l 
H~ Sco 0-4 no H l i produced by fungi Aspergillus flavus and A. tc. y= = o~ 
i H Axo x -_ parasiticus. Found in mold on peanuts, corn, 0) i. Pa o—— Cis 
H | chili peppers, etc. H 
H 
As immunity develops, new potent poisons are invented producing super insects and a poisoned ecology. 
Future alternatives: 
a) sex and growth hormones (pheromones, chemosterilants), interrupt reproduction, development 
b) microbials (bacteria, fungus), which prey on pests. 
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BIOLOGICAL AND GERM WARFARE 


Intentional use of microbes to produce disease in people, animals, and crops: 


purpose: to kill, incapacitate and confuse enemy at low cost 
agents: bacteria, viruses, fungi, rickettsia 
kill large numbers: pulmonary anthrax, botulism*, rocky mountain spotted fever, yellow fever, plague, 


typhus cholera, smallpox 


incapacitate: tularemia (rabbit fever), brucellosis (undulant fever), Venezuelan equine 
encephalomyelitis, hallucinogenic drugs, dengue fever, Q fever 


infect food supply: plant fungi, viruses, causing blights and rusts 
Yellow Rain: mycotoxins from fungus fusarium, possibly used in Afghanistan, Indochina 
(unsubstantiated) 


* botulin, protein toxin made by bacteria clostridium botulinum, one of the most lethal poisons against 
humans, 0.03 mg inhaled or ingested is fatal 


One oz. (30 gm) pneumonic plague, pulmonary anthrax, or botulin toxins are sufficient to kill entire 
population of North America. 
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QUESTIONNAIRE 


Production and Non-Production of Biological Warfare Agents” 


To Senior Scientists 
Junior Scientists 
Lab Technicians, others 
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WHAT IS YOUR CAPACITY FOR: EXPLOSIVE DUSTS 
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BACTERIA AND RICKETTSIA: 
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VIRUSES: 
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nitric acid 


Does your personnel pass security clearance before being hired?..............-... Nitroglycerine 
In what connection do you use gaseous sterilants like peracetic acid or a 
SthyMenemoxr deci, s)c.0)s/ 4 Here nieneyckatstelene:s 0) «ages CTS So a8 Th oekc Ge N I eI (glyceryl trinitrate) 


BACTERIAL VACCINES: 
Alfred Nobel's original formula of dynamite 


Ddepeatnite  G aetiecig aire abet elis) <aveuabis- sliewere oe eho) Givens \sveneteflefanailelelslsnoiedalie Ghar 's /ahisiteeMeisi sys es) 's -<eilst sea) etayioiyevay e's) som now heart medicine (vasodialator) 
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= CH,-OH CH,-ONO, 
CH-OH +  3HNO, +  CH-ONO, 


CH>-OH CH,-ONO; 


glycerin + nitric > nitroglycerine 


C3HgO3 acid C3HsN30g 
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glycerine 


Ammonium Nitrate 


NH,NO3 


fertilizer, industrial chemical, explosive 


shipload exploded, destroyed Texas City, 1947 


Lithium Deuteride 


LiD 


heart of the hydrogen bomb 


lithium deuteride 


HIGH EXPLOSIVES 
Anatomy of an explosion: 


TNT — water + carbon monoxide + carbon + nitrogen + heat 


2 molecules 22 molecules + energy 


2C;H5N30, > 5H20 + 7CO + 7C + 3No+ 1120 calories/g 


NO». NO2 NOg 
| ae. 
H N - ff 
aa Nets. EC 
asi ie 7 KR uA ie oH 
OoN~ Nc~ “NO2 N M N 
x | | 
Hee NOo NOo 
RDX* HMX* 


cyclotrimethylenetrinitramine 


C3HeNg Og 


cyclotetramethylenetetranitramine 
C4HgNgOg 


* 


component of terrorist’s "plastique" - powerful military explosive 


CH3 


ON Ex Ne 
| | 


NO, 


H 


TNT 
2,4,6-trinitrotoluene 


C7HsN305 


** discovered in 1863 - still the most used military explosive, often mixed with RDX, HMX and other 


explosives. 


TNT 
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NUCLEAR WEAPONS 


Recent advances in nuclear weaponry were made in the production of large numbers of miniaturized 
bombs of great accuracy. 
The Hiroshima bomb of 1945 was 15 kilotons - today’s weapons total 15 million kilotons. 


One rocket can deliver several warheads (MIRV) 


number of | range accuracy (average distance between 
warheads | (km) impact and target in meters) 

MX (US ICBM) 10 14,000 | 100 meters 

Trident (US) 8 7,400 | classified 

Minuteman II (US) 1 12,500 | 400 

Minuteman III (US) 3 14,000 | 100 

Pershing II (US) 1 1,800 | 100 

Cruise (US) 1 1,800 | 100 

$S18 (USSR) 10 11,000 - 

SS19 (USSR) 6 10,000 - 

SS-N-20 (USSR) 6-9 8,300 | 250 


Missiles are accurate and long ranged -- thus more small bombs hit more targets. 
Time from launch to target, 5 to 30 min. Impossible to intercept in flight. Only defense is threat of 
retaliation. 


total missiles 
total warheads 
bombers 
(Projections based on absence of Arms Limitation Treaty) 
Total arsenal of all nations, 50,000 bombs, including tactical weapons - sufficient to destroy every city on 
earth. 
Fission Bomb (the original A-bomb) 
Uranium-235 or plutonium-239, when split by a slow neutron, produces chain reaction of exploding 
nuclei, creating explosive blast, radiation and radioactive isotopes (fallout). Now used mostly to trigger H- 
bombs, neutron bombs, and perhaps x-ray lasers. 


U2 +n — Kr? + Ba'*’ + 3n + 200 Mev 


typical yield: explosion equivalent to 20,000 tons of TNT 
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Hydrogen Bomb (fusion, thermonuclear) 


A fission explosion fuses the two hydrogen isotopes, deuterium (D) and tritium (T), producing a blast 
and radiation thousand times greater than fission bombs. 


D+T > He* +n+ 17.6 MeV 


typical yield: explosion equivalent to 1-50 million tons of TNT 


Lithium Deuteride 


Tritium is radioactive, therefore unstable. It decays into Helium-3 if stored in a bomb waiting to be 
released. Fusion bombs use stable lithium. Once inside a nuclear explosion it is converted into tritium. 


Lio n> Het 1 
Superbomb 


Uranium-238, the most common uranium isotope, does not undergo fission in ordinary A-bombs. When 
struck by a fast neutron from a H-bomb explosion, the nucleus splits, yielding considerable energy - cheap 
and easy way to increase H-bomb power. 


Dirty Bomb 


The fallout and radiation can be increased many times if a jacket of cobalt surrounds the bomb. Cobalt- 
59 changes into the radioactive isotope cobalt-60 which produces gamma rays able to penetrate 20" 
concrete. 


Neutron Bomb 


The neutron bomb is a sub-critical hydrogen bomb using a fission device with the explosive force of 
1000 tons of TNT to initiate the neutron producing DT reaction. In an H-bomb these neutrons are 
captured to produce a large explosion, radiation and fallout. The energy of a neutron bomb is emitted as 
high energy neutron radiation. 

Once released into the atmosphere penetrates 6" of steel or a foot of stone a mile from the blast and 
penetrates human flesh (water in the body absorbs neutrons more efficiently than do heavier elements). 
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Effects of a Neutron Bomb 


(rad: unit of radiation, 1 rad=100 ergs/gm absorbed by body) 


Distance from | Effects 
ground zero 
(meters) 
explosion 430 heavy destruction, fires - 100% lethal 
600 causes fires, second degree burns 
neutron 690 8000 rads - immediate disability and certain death 
radiation 900 4000 rads - 100% fatal if unprotected 
1700 150 rads - radiation sickness, high cancer risk 
2000 30 rads - frequent cancer 


Electromagnetic Pulse 


A single hydrogen bomb exploding at a height of a few hundred kms generates an intense 
electromagnetic pulse that would wipe out all radio and telephone communications throughout the US or 
Europe. Computer operations would fail as computer chips are especially susceptible to the pulse. All 
electronic systems and satellite communications would be destroyed, seriously hampering retaliation and 
rescue operations. 

In a technologically sophisticated nation this would produce total chaos, affecting the US much more 
than any other nation. 


Fallout 
Radioactive debris from a low altitude nuclear explosion kills as many people as the original blast. 
Local fallout: 250 km (2000 sq. km), downwind from a one mgt blast kills all unprotected persons. Staying 
indoors reduces radiation exposure by a factor of 5. Intense radiation for several days - persists for 
weeks. 
Global fallout: small radioactive particles remain in the atmosphere long enough to circle the globe. As 


they enter the ecosystem, they are deposited into drinking water, soil, vegetation, livestock and food 
supply around the world and eventually affect the country that fired the bomb. 
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Biological Effects of Radiation 


Cause of radiation damage in living cells: direct ionization, production of energetic molecular fragments 
(free radicals). Damages chromosomes, produces toxins, increases white corpuscle count, may kill cells 


immediately or cause cancerous growths years later. 


dosage | effects 


over 5000 rads | central nervous system damage, painful death in hours or days 


600-1000 rads | blood forming tissues are affected; death usually occurs within several weeks 


150-600 rads | radiation sickness, possible fatality 
100-150 rads | sickness, probable survival 
50 rads | possible birth defects 


immediate effects: 


blood abnormalities, low resistance to infection 


death from abnormal cell division due to broken chromosomes 


long term effects: 
gene mutation, affects future generations 
less control over cell division, cancer 


defective blood forming cells, anemia 
shortened life span 


Daily Exposure to Radiation 


source 


dosage 


internal exposure (K*°, C'*, radium (&daughters)): 
external exposure (radioactive materials in environment) 
external exposure (cosmic rays, background radiation) 
medical x-rays 

legally permissible whole body exposure 


.06 rad/yr 

.025-.16 rad/yr 

.02-.04 rad/yr 

.04-1 rad 

3 rem/13 weeks, 5 rem/ year 


(rem = rad x relative biological effectiveness of different types of radiation). 
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RADIOACTIVE DUSTS AROUND US 
(Contaminants from nuclear weapons, power plants, wastes and fallout) 


Plutonium-239 Pu 24,400 yr half-life 
Extraordinarily hazardous. Once deposited in the bone it is excreted very slowly. Besides being 
radioactive it is chemically extremely poisonous. 


Uranium-235 U 713 million yr half-life 
Uranium mining and purification has left mountains of weakly radioactive tailings in the western 
states, including the radioactive gas radon-222. 


Strontium-90 Sr 29.13 yr. half-life 
Chemically similar to calcium, thus the body incorporates it in the bones where it irradiates the bone 
marrow causing cancer, especially leukemia. A common fallout isotope that is assimilated into the 
biosphere (water, food & animal tissue). 


Krypton-85 Kr 10.3 yr half-life 

Xenon-133 Xe 5.27 day half-life 
Common by-products of fission, these are inert gases, difficult to filter. Nuclear plants vent 
radioactive krypton and xenon into the air. 


Cesium-137 Cs 30.0 yr half-life 
Cesium compounds are water soluble. Can contaminate drinking water. 


Hydrogen-3 (tritium) T 12.5 yr hali-life 
Produced by cosmic rays, power plants and H-bombs, tritium enters the biosphere as radioactive 
water. 

Carbon-14 Cc 5730 yr half-life 


Produced by cosmic rays, naturally occurring in small quantities. Used extensively in chemical 
experiments. Disposal of radioactive wastes from laboratories and hospitals is a major problem. 


Radioactive materials enter into the body by breathing, eating and drinking from contaminated sources. 
Once inside the body they are thousands of times more deadly than just touching the skin. Radiation is 
received from rocks, cosmic rays, medical treatments, and from our dwellings. 


Emissions from Power Plants 
(curie: unit of radioactivity, 37,000,000 disintegrations/sec) 


1970 1980 2000 
Kr-85 released curies/year (millions) AT 200 1900 
Kr-85 accumulation, curies 50 3000 | thousands 
Tritium released curies/year " 37 
Tritium accumulation, curies " 1 62 | 590 


Total accumulation of tritium due to cosmic rays, 40-80 million curies. 
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FUTURE WEAPONS 


Sophisticated, accurate, expensive. Supercomputers (on earth and in space), direct the weapons. 
Sequence of events too fast for human decision making. Wars started, won or lost by computers. 


Earth Based 
smart bombs: 
nuclear weapons: 
ballistic missiles: 
airborne: 
biological: 


chemical: 
terrorism: 


Space Weaponry 


beam weapons: 


lasers: 


particle beams: 


kinetic energy weapons: 


ships of war: 


Future Wars Based On 


fear: 
technology: 


persuasion: 


Global Weapons Treaty 


computers and sensors steer missiles to target (used on battlefield against 
ships, planes, subs, tanks) 

quick, accurate & abundant 

Pershing II, MX - accurate, fast, carry many warheads 

Cruise, Stealth - flies low, hard to detect on radar 

recombinant DNA used to make new germs 

a new generation of nerve gases are being produced 

suicidal fanatics (religious, political, nationalistic), use terrorist’s tactics in 
very sophisticated ways (see Psychological Warfare) 


Strategic Defense Initiative or "Starwars" - cost: $1 trillion 


stationed in space or on earth, used against targets in space or upper 
atmosphere - beam (ray gun of science fiction), melts or explodes target 
hundreds of miles away 

X-ray - laser rods powered by nuclear explosion 

high energy lasers - (free electron, carbon dioxide, chemical, ion, eximer 
lasers) generate visible, ultraviolet, & infrared - space or ground based, 
beam steered by giant orbiting mirrors 

ion beams - beam of charged atoms, such as hydrogen 

neutral beams - similar to ion beams, but not electrically charged - are not 
deflected by earth’s magnetic field 

pellets hit target at several miles per second. At this speed impact is more 
explosive than TNT 

space stations - house radar and beam weapons 

hunter killer satellites & ASATs (anti-satellites) - destroy enemy space 
stations 


tactical and strategic nuclear weapons threaten destruction of entire planet 
fast, precise missiles - instantaneous retaliation, reliance on computer 
rather than human judgement 

war in space - laser and particle weapons, anti-missile systems, space 
war and "Starwars", supercomputers direct weapons 

robotization - robot tanks, missiles and planes fight each other on and 
above earth - robotized space stations direct wars and determine the fate 
of man 

infiltration and conquest by sophisticated coercion 


alternative to a possible annihilation of the human race. 
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PSYCHOLOGICAL WARFARE 


The evolution of mind control: 


ancient modern future 
purpose: punishment | manipulate & confuse the | complete control 
confession mind, crush personality, of mind and body 


loyalty (brainwashing) 


place: dungeon insane asylum hospital 

instruments | rack, fire neuroleptic drugs surgically implanted 

applied: lash, stocks | electrical prods electrodes in brain 
hypnosis 


In some countries psychological warfare is used not only on the enemy 
but on the minds of the native population; e.g: in recent USSR, dissidents 
(political, artistic, religious, etc), interned in asylums 


diagnosis: psychopaths 7% 
schizophrenics 30% 


symptoms: psychotic obsession with "truth" 
distorted notion of social reform 


Terrorism has been a criminal form of psychological warfare throughout 
recorded history. 


Psychological Warfare Applied to Criminology 


Most crimes (drug dealings, etc.) could be eliminated with the return to 
the old method of humiliation; putting offenders on display in their own 
neighborhoods for all to see. 

As human nature never changes, shame and humiliation before one’s 
family, friends and lovers would be a stronger deterrent to criminal behavior 
than "absentee" imprisonment. 
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THE PREDICAMENT 


Year population time to pop. density | biomass 
double, yrs | people/km? | (millions kg) 
2Myr BC | 10-100,000] = * 0002 1.75 | first "homo" - crude tools 
400,000 BC | .1-1 million - .002 eS homo sapiens, ice age 
8-10000 BC 5-10 " z .04 350 agriculture - settlements 
(4000 BC - writing, bronze) 
1 AD 300 " 1,000 2.0 15,000 Rome at peak, Christ 
1000 AD 400 " 1,500 Efe 20,000 Lief Ericcson finds America 
1642 AD 500 " 600 3.3 25,000 Galileo dies, Newton is born 
1850 AD 1 billion 200 6.7 50,000 industrial revolution begins 
1930 AD age 80 13.3 100,000 technology thrives 
1975 AD 4" 45 26.7 200,000 computer, information age 
2015 AD Bee 40-60 53.3 400,000 space, bionic age 


* population uncertain, fluctuates, growth rate and doubling time varies 


Currently estimated population for 1990: 5.2 billion 
Current rate of population growth = 1.7% per yr 
If population continues to increase at present rate, by the year of: 


2200 population=179.2 billion, density=1409 people/km?- entire earth’s surface populated as densely 
as a modern city 


2650 population=353 trillion - all land surface covered with people (two feet distance between each 
person - 2.77/m?) 


3900 population=5.0x107° - total weight of people exceeds weight of earth 
The world reached its peak growth rate of over 1.8% in 1970's, and is decreasing 0.1% per decade. If 
decline continues, disaster can be averted. However, if most of the world stabilizes its population and the 


remainder does not, the remaining part will soon be dominant. It is a global concern, not a regional 
problem. 


Animal populations increase until stopped by starvation and disease, caused by overcrowding, 
predation and destruction of the environment. Humanity is the first organism with the ability to control its 
evolution. 


Crisis predicted between year 2000 and 2050 A.D. 


Possible outcomes: 


+ population stabilizes, reaching zero growth at 15-20 billion - disaster is averted, global cooperation 
and planning produces peaceful, stable, long lived society. 


+ starvation, epidemics, collapse of government cause population drop in poor countries. Faced with 
reality of crisis, world finally cooperates, avoiding ultimate catastrophe. 


- disaster spreads from poor nations to rest of the world. A few self-sufficient rich nations may survive. 
Population stabilizes as starvation and disease offset high birth rate in the rest of the world. Survivors 
maintain advanced, efficient societies. 
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HUNGER AND POVERTY 


269 babies are born every minute: Asia 162, Africa 46, Latin America 29, rest of world 32; 
224 in developing countries, 45 in developed nations - 
25 will die before age 1 
37 more will die before age 15 
28 young children die every minute due to malnutrition and infection, mainly in poor developing 
countries. 

Infant mortality rate in Arkansas, Alabama, Mississippi and large US metropolitan areas is higher than in 
some of the developing countries such as Cuba, Jamaica and Angola. 

300 million children (70/80% of all children in Latin America and Africa), are retarded in physical and 
mental development due to malnutrition. 

100,000 children will go blind this year due to vitamin A deficiency. 

Nearly 2/3 of all children in developing nations suffer some protein/calorie deficiency, or chronic 
malnutrition. 

15-20 million will die this year (1 every 2 seconds), as some consequence of hunger, e.g. increased 
vulnerability to disease, parasites, etc. 

Countries with greatest poverty and starvation: Mali (average income, $163/yr, % of the children die 
before age five). Nepal, Uganda, Chad, Ethiopia, Bangladesh all have per capita incomes less than 
$200/yr. 

600 million people will live in the most abject poverty by year 2000, unable to meet their barest needs. 


Causes of Hunger: 


* low food production per person - too many people for the land area, poor land, poverty preventing 
development of agriculture; 36 of the least developed countries have highest birth rates, 2.7%, 
which doubles present population of 300 million in one generation, producing a spiral of increasing 
poverty and hunger 

* inequitable distribution of wealth - poverty exists in the wealthiest countries: in US 15% of the 
population lives below poverty level 


Effects of hunger and malnutrition: 


increased susceptibility to disease, infection and parasites 
stunted physical growth 

impaired mental/cultural development, brain damage 
tiredness, listlessness, inability to work efficiently 


poverty produces hunger - the hungry get poorer 


hunger 
poverty (poverty) 


high over- mental/physical cultural 
birthrate population retardation deprivation 


19% of the world’s population, (Europe, Japan and North America), enjoy 67% of the world’s income. 
Poor countries with 51% of the world’s population earn 14% of the world’s income. 


World population will increase by 40% in 20 years, while cropland increases by 4%. To feed this 
population and abolish hunger will require the production of twice the food produced today. 

Each year we lose cropland by erosion equal in area to Switzerland; desertification due to overgrazing, soil 
depletion, urban expansion. Ganges and Yellow river strip 3,000 million tons of sediment, mostly 
topsoil, from land per year. New croplands are poorer lands (rain forests, mountain sides, etc.), or 
expensive reciamation projects, e.g. irrigation. 

New areas are being turned into croplands by cutting forests, producing disastrous climatic changes and 
the rapid destruction of other land. 

Net crop land per person in the world is decreasing each year (cropland increase 0.2%/yr, population 
increase 1.7%/yr). ; 
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A. Posit 
ule 


2a 


3. 


GENETIC ENGINEERING 


ive Aspects 
Revolutionary Medicine 


a. artificial immune factors production; vaccines, monoclonal antibodies, interferon, 
interleukin Il & Ill - to prevent viral diseases (AIDS, herpes), bacterial (syphilis, 
gonorrhea), parasitic (malaria). Cancer cure. 


b. gene manipulation 


1. computerized gene mapping and therapy; birth defects--detection and elimination in 
embryo, fetus or parent. Total gene screen by 2000 AD (100,000 in each cell) 


2. inherited and degenerative diseases eliminated to end retardation, hemophilia 


c. recombinant DNA, bacterial production of human drugs, human cell improvement, gene 
splicing 


d. cloning - organisms with identical gene structure produced asexually or by 
parthenogenesis. "Copies" of existing plants, animals and people. 


Agriculture 


a. design of new food plants, fast growing and disease resistant, alleviating food shortages 
in the 3rd world. (See Hunger and Poverty) 


b. develop bacteria or insects to act as natural enemies of damaging insects and piants. 
This would eliminate the need for herbicides and pesticides 


c. plants developed that would thrive on brackish water or in desert regions with little water. 
Arid lands would become arable. 


d. clone animals and create hybrids that are fast growing, hardy and disease resistant 
Other Industries 

a. fast growing trees for building and paper products 

b. bacteria that might be able to prcduce useful materials to be used as fuel, alcohol, etc 


c. bacteria to be used as natural scavengers to clean up oil spills, or to metabolize toxic air- 
borne contaminants thus purifying the air 


B. Negative Aspects 


1. 
a 


use of genetic engineering to design biological weapons 


accidental development and release of pathogenic organisms (supervirus, etc.), for which no 
cure is known - partial or complete destruction of human race 


release of organisms that interfere with aspects of the human food chain, e.g. plant virus that 
kills wheat or bacteria that sterilizes animals 


new species of plants and animals prevent indigenous species from reproducing, growing or 
obtaining food 


people with serious genetic defects survive and reproduce, increasing number of harmful genes 
in population 


fast advances in genetic. engineering raise ethical questions. 
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10: 


increased dependence on new drugs atrophy body’s defense system — interruption of drug 
supply or introduction of new diseases not controllable by drugs leaves body defenseless 


genetic engineering to improve human race (may accidentally produce monsters) 


unethical control of species (genetic manipulation of humans for specialized purposes; super 
athletes, soldiers, etc.) 


unethical methods to obtain organs for transplants: 
a. inequitable distribution of organs 
b. murder, justified as euthanasia 
c. murder for profit 


1987 - gen. eng. bacteria protecting food crops from frost released into environment for testing 
1988 - first patent issued on genetically engineered new life (rodent) 
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FUTURE MEDICINE 


Organs and Tissue 
- replacement: artificial, transplant 
- regeneration, tissue growth and stimulation - (electrohealing) 
- farming - copying genetic code in vitro - (cloning) 
- transplant rejection eliminated 


Diagnostic Methods 
a. non-invasive (fiber optics, ultrasound, NUR PET tomography) 
b. automated blood analysis - gas analysis 
c. chromosome analysis (see gene mapping) 


Genetic Engineering 
a. inexpensive and potent drugs and vaccines 
b. computerized gene mapping - detection and elimination of inherited diseases 


Aging 
a. senility - Alzheimer’s disease; anti-senility drugs, synapse repair 
b. tissue deterioration (i.e. hearing, eyesight, sexual potency, baldness, memory loss, vital organ 
functions), antioxidant - DNA repair, memory improvement, bone and cell growth stimulation, 
age retardation 
The Senses 
a. vision repair enhancement, bio-sensors - (artificial eyes and ears) 
b. hearing " I 
c. taste, smell, touch " 
The Brain 


a. intelligence, memory enhancement, "smart pill", genetically transmitted learning 
b. mental illness eliminated - prevention and cure; psychodrugs, surgery, vaccines, brain 
chemistry controlled : 


Medication Dose Control - to supply optimum doses for each patient 


a. continuous monitoring and feedback loop to supply system 
b. continuous absorption of drugs from special drug pads 


Risk free surgery 
a. anesthetics with no side effects 
b. synthetic blood for transfusions 
c. routine limb replacement, etc. 


Dentistry - prevention of disease 
a. painless fillings - without drilling 
b. tooth replacement- "grow from buds" 
c. revolution in orthodontics - braces eliminated 
d. bone implants 
e. vaccines 
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Reproduction 
a. restoration of potency 
b. universal, permanent, reversible, birth control 
c. natural conception for all who want it (sperm count, ova production improved); artificial womb, 
reproduction by cloning 
d. baby’s characteristics predetermined by genetic manipulation, i.e. size, sex, coloring, 
intelligence, etc 


Computerized Health 
a. nutrition planning 
b. biosensors analyze personal physical and chemical data 
c. computerized monitoring of both maintains health, anticipates diseases, irregularities 


d. designs new drugs 


Cryonics - preservation by deep freezing (embryo, egg, sperm, tissue, organs, people) 
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EPIDEMICS 


Ancient to present: 


a. 


plagues: bubonic plague or black death, Pasteurella pestis, became pandemic in 6" century 
Eurasia; killed % pop. (25 million) of Europe in 14" century; periodically recurring epidemics alll 
through Europe in middle ages 


smallpox: most dreaded disease in history -- devastated new world Indians while Spanish 
conquered America -- now eradicated 


influenza: in 1918, 200 million contracted deadly strain of the disease, 25 million died in Europe 
alone, 18-19 million in India; 20 million in U.S contracted disease of whom % million died 


Other epidemics and infections: yellow fever, malaria, typhus, leprosy, dysentery, typhoid, 
scarlet fever, brucellosis, dengue fever, sweating sickness (50% death rate, middle ages), 
schistosomiasis, cholera (Asian cholera, Vibrio cholerea, became pandemic, spread to Europe 
and America by 1832, last recurrence 1908-1910), trachoma (500 million victims, 6 million 
became blind), tuberculosis, polio, fungus diseases (mycosis) 


Major Killers — Present diseases reaching epidemic proportions: 


Disease Advanced countries Third world countries 
heart disease, stroke 42% of US deaths, over 1 mil./yr* 
cancer 20% of all US deaths, 450,000/yr* 
rapidly increasing 
AIDS lymphotropic virus (HTLV-II! or HIV-II), spreading worldwide 
(becoming #2) destroys T - cells in human immune sys- including eastern block nations 
tem. In US 62,000 cases of AIDS > 
34,000 deaths; 5-10 million believed 
infected worldwide, 10-30% will get AIDS, 
20-50% AIDS related diseases. World- 
wide projection for early 1990’s - 
100 million infected 
common common cold, influenza* bacterial, viral, parasitic - schistioso- 


infectious diseases 


chronic debilitating 


miasis, hookworm, leprosy, cholera 
malaria (on the upswing, 1 mil. die/yr); 
TB, typhoid, yellow fever 


arthritis*, diabetes, ulcers, mental 
illness (depression, schizophrenia, etc) 
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diseases of poverty increasing in US malnutrition, meningitis, TB, whooping 

& hunger cough, measles (for last two, vaccine 
available) 

venereal disease syphilis, gonorrhea (drastic increase 


since 1980 - Neisserea gonorrhea 
bacteria became penicillin resistant) 


plague, leprosy increasing in US increasing worldwide 


* primarily old age diseases affecting countries where most youth diseases have been conquered 


Future epidemics: 


a. deadly strains of microorganisms manufactured for warfare accidentally or deliberately released into 
the environment 

b. mutated microorganisms may produce virulent new strains, culminating in entirely new diseases that 
leave the body’s immune system defenseless 

c. post nuclear war epidemics: breakdown of sanitation, etc, (typhoid, salmonellosis, shigellosis, 
infectious hepatitis) 

d. new organisms brought to earth by returning astronauts 

e. drug resistant strains of bacteria and viruses 


Epidemics and famine are nature’s alternatives to intelligent population control. 
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MASS EXTINCTIONS 


Major Ancient Extinctions 


Mass extinctions, which have occurred throughout the history of life, accelerate evolution. Vastly new 
life forms seldom kill off their competitors, but seem to survive a catastrophe that kills their stronger rivals 
and then fill the newly vacated ecological niche. Our mammalian ancestors had to wait for the dinosaurs 
to die before they could inherit the earth. 


Great Dyings -- The Five Big Extinctions 


Late Ordovician 440 million yrs ago over 100 marine families died 

Devonian S45 ee Et kh mass extinctions of marine life 

Permian 2AS WER ag greatest extinction: 50% of all families died 
90% of all species died including last trilobites 

Triassic S(O) aay ee 20% families and most reptiles died 

Cretaceous Gon U egg dinosaurs and most marine life became extinct 


"Dragon Dust" 


Dinosaurs flourished for 120 million years and suddenly died 65 million years ago, perhaps when a 
meteor or comet several miles in diameter struck the earth, creating a continent-wide firestorm and a 
worldwide dust cloud that blocked out the sun. If the meteor/comet struck land: 


amount of dust in air: several cubic miles 

composition: silica, pulverized rock 

temperature drop: 20-40 °C, below freezing in summer 

duration: months or years 

decrease in sunlight: sun appears several thousand times dimmer 

duration: several years 

cause of deaths: plants die from lack of light, animals die from cold and hunger 


If the meteor/comet fell in the ocean, many cubic miles of water would have been vaporized into the 
atmosphere covering the earth with clouds that trapped heat and raised temperatures by 20-40 °C, 
triggering a worldwide greenhouse effect that killed most plant, animal and ocean life. 


The earth may have suffered several such impacts over the course of a million years, each killing off 
additional species that had survived the previous disasters. 
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Nuclear Dust 


A nuclear war creates dust clouds caused by H-bomb blasts and by burning cities, forests and 
industrial plants. Even a small war would produce a temperature drop sufficient to disrupt the world’s 
agriculture. A massive war would create a frigid long nuclear winter. 


amount of dust in air: up to one cubic mile for a 10,000 megaton war 

composition: dust containing soot (carbon), and pulverized soil 

temperature drop: below freezing in summer (-20° C) 

decrease in sunlight: sun appears thousands of times dimmer 

deaths: people who survive original blast die from prolonged starvation 


Death Stars, Nemesis, Planet X and Killer Comets 


Mass extinctions seem to occur at regular intervals and are believed to be caused by millions of comets 
plunging through the solar system, a few striking the earth. There is no answer to why swarms of comets 
should appear so regularly. Recent hypotheses are: 


Nemesis (death star) a dark companion star that orbits the sun every 26 million years and at closest 
approach dislodges comets, letting them fall toward the sun 


planet X a hypothetical, long sought planet beyond the orbit of Pluto; responsible for 
dislodging a few million comets every 26 million years 


the bobbing sun the sun’s orbit around the Milky Way passes through the galactic plane every 26 
million years disturbing comet orbits 


Other phenomena such as changes in global climate, interstellar dust clouds, floods, and continental 
drift may have caused some extinctions. 


Possible ways man may cause future extinctions: 


major nuclear war 
"biotech accident 
"chemical disruption of ecosphere 
greenhouse effect: catastrophic temperature rise due to trapping of solar heat by CO, from burning 
fossil fuel 
major ice age induced by other changes in atmospheric or surface composition. 
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ICE AGES 


The earth’s atmosphere traps solar heat, producing a moderate greenhouse effect; 35°C is added to 
the sun’s normal heating creating a climate hospitable to life. At times in the past the earth was warmer 
than it is now because greater amounts of carbon dioxide produced an extensive greenhouse effect. 
Every 280 million years something triggers a colder climate or ice age. We are currently in the warmer 
phase of an ice age with glaciers due to advance again in a few thousand years. 


Major Ice Ages 
570 million yrs ago Cambrian 
200. ie ae Permo-carboniferous 
oe ee Pleistocene 
Ice ages usually cause only minor extinctions (death of mastodons, saber tooth tigers), not major 
dyings (e.g., death of all dinosaurs). 


History of Present Ice Age 


30 million yrs ago gradual cooling of earth begins 


tO a? oa present polar ice caps form 

3. ea, glaciers begin to advance and retreat every 100,000 years 
75,000 hE last glaciers advance (Wisconsin glacier) 
10,000 Cows glaciers retreat except for Antarctica and Greenland 
present we may have passed peak of current warm phase 


unless there is a runaway greenhouse effect 


Effects of Ice Ages 


sea level lowered - land bridges allow animal migration (first humans came to America via Alaska) 
some extinctions, much life moved to warmer climates 
humanity arose during last ice age, civilization began after the retreat of the glaciers 


Possible Causes of Ice Ages 


sun’s energy output varies (slight decrease could trigger ice age) 

variations in earth’s orbit and axial tilt 

continental drift altering global conditions 

massive atmospheric dust clouds disrupt climate, changing present balance of greenhouse effect 


Next glacier advance is due in several thousand years. It may not occur. Carbon dioxide and other 
trace gases being pumped into the atmosphere may not only forestall the ice age but create a runaway 
greenhouse effect making temperatures rise by 50°C or more. 


ALIEN LIFE 


Life did start on earth and became intelligent, and there are probably billions of earth-like planets in the 
galaxy. This however is no guarantee that there is intelligent life on any other planet. Estimates on the 
number of alien intelligences is very speculative because our knowledge is meager and our thinking 
anthropocentric. 


The Search for Extra-Terrestrial Intelligence (SETI), often uses the Drake formula to make estimates of 
the number, N, of possible alien intelligences trying to communicate with us. 


A version of the Drake egn.: 
N.= Ngxfpx nexf_xfxLxf, 


The factors in the equation are debatable, but reasonable upper and lower limits give the following 
estimates for total number of aliens that ever lived, are alive today, and with whom we might 
communicate: 


Lower Limit Upper Limit 
number of stars in galaxy (N, = 10’) 11012 10%" 
number of stars with planets (f, = .01 to 1) 101° 101? 
"" " " earth-like (ng = .01 te 1) 10° 1012 
number on which life arises (f, = .001 to 1) 10° 102 
"" "intelligence arises during life of galaxy (f; = .01 to 1) 10° 10K 
number alive today* (L = 10°” to 10~*) 104 108 
number trying to communicate with us_ (f, = .01 to 1) OR? 10° 


* L is the fraction of the galaxy’s life (10'° yrs), that an alien civilization lasts. Thus if it lasts a thousand 
years, L=10-’, and if it lasts a million years, L=10~. 


Therefore there might be no other cultures alive today, or there could be as many as a million ready to 
communicate with us. Even these estimates are prejudiced by our own anthropocentric biases which 
assumes that: 


a. aliens would communicate by radio 

b. they would even "think" of trying to communicate 

c. we would recognize their transmissions as "messages" and be able to "translate" them 
d. life requires earth-like planets, or even planets, to evolve 

e. life is as we know it -- or that "life" is necessary or "to’be" is necessary 


Over a dozen nearby stars may have planets. The three most likely: 


Vega (a Lyrae) - shows excess light in far infra-red, suggesting emission by protoplanetary dust , 

Van Biesbroeck 8 - infrared interferometry indicates companion (Van Biesbroeck 8B) with mass much 
larger than Jupiter 

Beta Pictoris - far infrared image indicates flattened distribution of proto-planetary dust 
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Range of radio receivers: D=SxvVP/N 


D= distance of alien transmitter 

S=the size of antenna 

P= power transmitted toward us 

N=noise in receiver 

(Range of detection is small for TV, large for pure frequencies, like "dot-dash" and many radar 
signals.) 


Frequency scanned for signs of alien life is 1.4-1.7 GHz, a "natural" frequency and low noise from galaxy 


Assuming the N, communicating civilizations are uniformly distributed in our galaxy, the distance of 
30,000 
? ly 


nearest civilization: D = 
N. 1/3 


If there are 1000 civilizations the distance to nearest is 3,000 lys 
"1 million : : 2 ; ‘ is 300 lys 


" " 


Optimistically, if N, = 1 million, a round trip radio message would take 600 years. 


We hope to translate messages from aliens totally foreign in form, chemistry and mind, however they 
may be similar to us in body but entirely alien in intellect. The possibilities are endless. 

On earth we can only talk with our closest relatives, the great apes, but cannot understand the 
language of the more distantly related but equally intelligent mammals, the dolphins. Could we possibly 
communicate with a totally alien mentality entirely unrelated to us? 

We do not even have a definition of life, much less intelligence. Life is an island of low entropy in a 
world of increasingly large entropy, but so is a crystal. Not all living things reproduce, (e.g. worker bees, 
sterile humans), although on earth their species propagate. Life on earth manipulates and transmits 
information, such as the genetic code, but so do computers. We know certain things are living and certain 
things are not, but do not know how to draw the line separating the two. Nor do we know that something 
must be "alive" to be intelligent. 
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BRAIN 


The adult human brain is a 3-pound globe of cells whose primary function is to direct the behavior of its 
owner in ways that enhance the probability of the survival of his species. Man’s brain differs from that of 
other animals mainly in that the parts of the brain that engage in free association of ideas are unusually 
large and well developed. A consequence of this difference is that he has surrounded himself with tools to 
alter his environment in ways that he hopes will further enhance his chance of survival. Whether his 
hopes will be fulfilled or not is up to nature to decide on a pragmatic basis. 


Much is already known about the physical and chemical structure of the brain, and it is the subject of 
increasingly intensive research. The human brain contains about 10'* cells, perhaps a tenth of which are 
neurons, which are directly responsible for thought processes; most of the rest being the supportive 
neuroglia. The nuclei of nearly all the neurons are located at the outer surface of the brain in a few layers 
of closely-packed cells. These nuclei form a gray surface region with an area of about 2/10 of a square 
meter (2.5 square feet), and with thickness about equal to and as variable as the thickness of the outer 
ear. The large surface area is made possible by the wrinkled structure of the surface. Extending from 
each neuron are many limb-like receptor extensions, the dendrites, and a transmitting axon that is usually 
longer than the dendrites. Neurons devoted to internal thought processes are characterized by short 
axons and close proximity while those that govern muscular activity have axons long enough to reach the 
associated muscle. The longer axons are protected by a fatty myelin sheath. The white matter beneath 
the gray surface layer of the brain, the spinal chord and other white nerve structures are mostly composed 
of bundles of myelin-sheathed axons. The end of each axon also has many branches that adjoin the 
dendrites of other nerve cells at junctions called synapses. All communication between neurons takes 
place at the conjunctions of these extensions, of which there may be up to thousands for one neuron. All 
activity in the brain that is related to its function in association and control of behavior, takes place as 
pulses of chemical activity that travel at a speed limited by the speed of diffusion of the chemical 
constituents of the axon and dendrites. Once started, an electrochemical pulse in an axon travels away 
from the nucleus and is self-sustained. This speed is sufficient to transmit a pulse over the length of the 
body in about 1/10 of a second, but it is nowhere near the speed of an electrical pulse, which it was once 
thought to be. As a consequence of this limitation in speed of transmission, efficient mental activity is 
attained by massively parallel function; a characteristic which makes it very different from even the most 
advanced electronic computers. 


Whether or not a nerve pulse from one axon will stimulate a pulse in an adjoining cell depends on the 
chemical condition at the synapses, where, through repeated stimulation, some attain enhanced 
transmissivity and in others the transmission of pulses is inhibited. Learning is evidently related to 
repeated stimulation of synapses along a complex looped route of pulses that constitute the pattern of a 
train of thought. There must be many loops of pulses associated with each thought train, as shown by the 
fact that a memory can survive considerable damage to the brain once it has had time (minutes to hours), 
to impress itself on the brain. In rethinking or remembering an event the brain reconstructs bits and 
pieces into a structure which is recognizable even if parts are missing. 


The mind of man is not organic in nature but the total result of his consciousness. If the brain is the 
instrument, the mind is the symphony. 
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INTELLIGENCE 


(Natural vs. Artificial) 


A thing need not be intelligent to be "alive", nor alive to be intelligent, and need be neither intelligent nor 
alive to reproduce itself. After four million years of evolution Homo sapiens has become the dominant 
intelligent animal only in the last 6,000 years, since it developed civilization. A genius and a simpleton 
usually have the same number of brain cells (hardware), the difference is the efficiency of cell interaction, 
i.e. the genius has better programming and/or operating system (software). The evolution of artificial 
intelligence and robotics is creating a convergence of living and non-living intelligent systems. 


Living System: a self-reproducing system capable 
of evolving by natural selection 


Human Brain: organ controlling central nervous 
system; controls and monitors voluntary and 
automatic movement; processes, stores, and 
retrieves sensory data; generates abstract 
reasoning, cognition, memory and self-awareness 


Human _ Intelligence: ability to interpret and 
originate relations, correlations and abstract 
concepts based on sensory data that may be 
ambiguous, contradictory, changing or- incomplete; 
determine and execute communication and 
decision responses to the environment; adaptation; 


Von Neumann Machine: a robot or machine 
capable of self-replication 


Computer: a device for processing information 
according to a set of instructions 


Artificial Intelligence: the science of making 
machines perform human-like thought processes 
and actions, to do things that would require 
intelligence in humans; machines that think and 
repair themselves 


capacity for intellectual growth and creativity 


Human Brain 


purpose: coordinate survival and 
reproduction strategy 
of human animal 
element of neuron supported by 
intelligence: glial cells 


# of elements: 


10'' neurons 


switch time: 4-8,000 usec 
interconnections: several thousand/neuron 
processing mostly parallel 


organization: 


speed vs 
efficiency: 


(simultaneous) 


slow, very efficient in 
parallel processing 
(vision, speech, etc) 


Ordinary 
Supercomputer 


obey instructions 
precisely 


transistor switches 


10° switches 
0.0095 usec 
several/switch 


almost all serial 
(sequential) 


fast, efficient in logic, 
math, logic, near 
processing 
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Future Al 
Supercomputer 


obey human orders 
without precise 
instructions 


transistor, optical or 
superconductor switches 
10'° switches 
0.001-0.003 usec 
several/switch 


primarily serial 
some may have 1000 
ordinary computers in parallel 


fast in serial processing 
slower than humans in 
parallel processing 


memory capacity: 


memory 
mechanism: 


reliability: 


damage 
sensitivity: 


programming 
and performance 
strengths & 
weaknesses: 


general design 
function: 


Tasks of Al: 


10°° bits 


synaptic "contact between 
neurons, + other processes 
"content" addressable memory 


low predictability; vari- 
able precision, high 
operational flexibility 
(e.g. alert, fatigued, 
asleep, etc.) 


high tolerance to cell 
damage (50,000 brain cells 
die per day), operates 

in extreme conditions with 
damaged programming 


slow, but compensates by 
parallel processing; low 
precision, but works with 
incomplete data. Contin- 
uously self modifying (dyna- 
mic processing); flexible in 
new situations; uses intui- 
tion, creativity, insight 


survival machine 


10°-10'? bits 
(on-line) 


binary (digital) memory, 
is "location" or 
"site" addressable 


high predictability and 
precision, needs 
back up units 


operates well in a narrow 
range of conditions, 
otherwise breaks down; 
extreme vulnerability 

to poor programming 


fast, accurate, follows 
instructions precisely; 
absolute discipline 
and attention span. 
Good with precise, 
poor with ambi- 
guous data or instruc- 
tions 


specialized, precise, 
programmable worker 


10'? or more bits 
(on-line) 


additional 
specialized "content" 
addressable features 


descriptive language; 
inflexibility, some may have 
the imprecise "fuzzy", 
human-like logic 


more self correction and 
error checking programs, 
but sensitive to environ- 
ment & damage; can re- 
allocate damaged processes 


same as supercomputer 
most human-like features 
come from Al programming, 
some from hardware, 

and parallel organization 


normally precise, adaptable 
with Al programming, 
replace humans for 

many functions 


+ dynamic programming, capacity to modify itself, learn without being reprogrammed, react intelligently 
with incomplete data 


+ sensory perception, pattern recognition, machines that can respond to and manipulate their 


environment 


. 


understand, communicate and translate written and spoken human language, compose text 


reasoning, problem solving, learning, "creativity" (given basic rules can compose poetry, music, 


prose); the better the rules given by human creativity, the more creative computers seem to become 


Applications of artificial intelligence (current and under development): 


- expert systems: replace human "expert" in a given field, manipulate "knowledge" vs data, draw 
conclusions, make inferences and decisions from partial or ambiguous data: medical diagnostics, 
engineering, teaching, designing new generations of computers 


- robotics: computerized robots that sense and manipulate the environment, make decisions, learn 


simple tasks 
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Future Robotics, using Artificial Intelligence: 


+ can assume many human functions in factories, the home (appliances, cars, servants), office 
(secretary), schools (teachers), hospitals (precision surgery) 


+ human workers displaced by "superhuman" robot workforce 


+ can work in hazardous environments (mining, construction, manufacturing, exploration); ideal space 
workers 


+ weapon systems; Star Wars would really be one large robot 


Man’s uniquely human qualities are being eroded as machines take over his responsibilities: 


- larger parts of human society is run by computers with machine-like rigidity and precision: presently 
governments and corporations (phone systems, airlines, banking credit, etc.); in the future: all systems 
linked together 


+ people are becoming numbers (social security, credit cards, !|.D. numbers, etc.), soon one number 
only, and perhaps nameless 


- our thinking is becoming machinelike: two value logic, precision, specialization, value on facts not 
intuition and insight 


- our bodies and food becoming increasingly synthetic: artificial organs and limbs, transplanted organs 


Where the gap between living and non-living narrows and/or man made systems become biological units: 
+ artificial life - life created from non-living matter 
+ artificial people - human/machine hybrids 
- intelligent robots - machines that make decisions, perceive, reason - perhaps even feel emotion 
: biochips 
— single molecules could be made into self-contained electronic devices 


— biochips and biocomputers in which both production and assembly of molecular electronic 
components are achieved through biotechnology 


— combinations of bio-silicon cells that have both fuzzy logic architecture and the density and 
speed of silicon chips 


- new biological entities created through artificial evolution and genetic engineering, into specialized 
machines. 
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The general direction of development is toward the convergence in function of man and his machines. 
With the humanization of machines comes the dehumanization of man. We are approaching a crisis in 
which traditional human qualities and values are being analyzed and incorporated into the function of 
machines, so that man’s traditional standards of self-worth no longer set him apart. Machines are already 
much faster, more accurate, tireless and in some ways more inventive than man can ever be. They can 
also respond more quickly and reliably than man to many complicated situations. Because few men hold 
compassion for their machines, it seems appropriate to assign to machines the life - threatening tasks that 
were formerly the basis of many heroic and daring occupations. 


Being human will have to be redefined as changing values pit moral principles against survival; 
compassion and honor may no longer be considered the highest good, and heroism may be reserved for 
robots performing military or hazardous duties. But, while we surrender so much of our humanity as we 
improve our machines, we will also learn something about ourselves. As we improve artificial intelligence 
we will develop algorithms on the nature of self awareness and equations on what constitutes 
consciousness. 


As was also the case during the previous revolutions wrought by his intelligence, man must face this 
crisis by developing new values and goals by which he can define himself and continue to grow, rather 
than lose his direction and become the servant or slave of his own machines. The potential for tragedy in 
human existence stems from the fact that man has gained enormous power over his environment but still 
lacks the knowledge and wisdom to use this power safely and consistently to his ultimate advantage. 


Wouldn't it be a shame if mankind were beginning to understand his own mind and the nature of 
consciousness just as he was losing his humanity, if he became so mechanized that discovering what it is 
that makes him human were to become just another equation, a cold fact that no longer had any value 
except its utility in making a better machine. 


In the distant future when homo sapiens has long been extinct and our only descendents are intelligent 
machines, those sentient beings may remember us with awe and reverence, for humanity was but a form 
of organic life with such a simple chemistry that it could be created spontaneously from the dusts of the 
earth, and yet through the random forces of evolution it somehow, wonderously, developed a good enough 
brain to create machine intelligence, the higher form of intellect that eventually succeeded its creator. 
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HISTORY OF THE UNIVERSE - Il 


(The Death of Dust) 


The fate of the universe is unknown, yet it had been set from the beginning. The universe is roughly 15 
billion years old, expanding at the rate of 15 to 30 km/sec per million light years, gradually slowing down. 
The future of the universe is determined by its density which itself can be linked to its geometry. A 
universe with positive curvature is closed and is dense enough for the gravitational attraction of matter to 
eventually halt its expansion. This could occur as early as 100 billion years from now, or as late as 10° 
years, or more. A universe with negative curvature is infinite in size, therefore open, and is not dense 
enough for the expansion to be stopped by gravity, thus expanding forever. The evolution of stars from our 
present epoch depends on whether the universe is open or closed. 


Open Universe - Expanding Forever 

In our present era stars are being born from the dusts of space and older stars are dying. As the dusts 
are used up fewer stars are born and the galaxy becomes a graveyard of dead stars. 

Death of Stars time=10"* yrs temp=10°°K 
Age of Dwarfs 

Stars deplete their hydrogen fuel, die by exploding and collapsing. They become white dwarfs a few 
thousand miles in diameter and neutron stars or black holes, a few miles in diameter. 

Planets are stripped from stars, which in turn escape from their galaxies. They travel alone in 
intergalactic space. White dwarfs cool and become black dwarfs. Dead stars still generate some heat 
internally from decaying nucleons. Large black holes are left alone in galactic centers. 

Death of Matter time=10°° yrs temp=10-°?K 


Age of Black Holes 


Matter (dust, planets, neutron and dwarf stars), decays into electrons, positrons and radiation -- only 
black holes remain. 


Death of Black Holes time=10' yrs temp=10- K 
Black holes radiate some energy, eventually evaporating completely. 
Age of Cold Vacuum time =10' yr to co temp-—> zero K 
A few electrons and positrons orbit each other forming "superatoms" billions of lightyears in diameter, 
eventually annihilating themselves. The universe is a cold and empty space, expanding forever. Nothing 


remains but cold radiation and a few stray electrons and holes that failed to annihilate each other in 
previous eras. 
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The Collapsing Universe 


If the universe is destined to collapse, the red shift would become a blue shift as galaxies draw together 
and space grows hotter in a time reversed big bang ( Nie 


Reversal (at least 10"' yrs from present, possibly much later) 
Once collapse starts, time may be measured in years before the end (BE). 
Age of Boiling Planets starts 1 million yrs BE temp=10* K 


The ever increasing temperature of space turns planets into molten lava, then evaporates them into 
space. The sky is white hot. 


Age of Exploding Stars starts 1 yr BE temp=10’ K 


Temperature of the contracting universe increases. Neutron stars, white and black dwarfs, (cold inside 
and hot outside), break up and disintegrate from the sudden heat of intense X-ray radiation of space. 


Age of Merging Black Holes starts 3 minutes BE temp=10'° K 
Matter (gas), falls into black holes, black holes merge, universe becomes mostly hot radiation. 
The End time =0 BE temp > 


The universe is squeezed into a small point of near infinite density and temperature, goes through the 
eras of free quarks, GUT, and quantum gravity, in reverse order of the big bang. 


After the end, unknown. Possible fates: 
a. disappears into nothing 
b. merges into the higher universe that gave birth to it 
c. rebounds - starts another cycle of existence - an "oscillating" universe that may continue the cycle 


of expansion and collapse forever 


Our observations cannot determine which fate awaits the universe - it is too close to the borderline 
between two destinies. Inflationary theory suggests it might be a combination of both - it may expand into 
the age of cold vacuum, then reverse itself and collapse into a ball of pure radiation after all matter is 
gone. 


The closed universe starts as radiation, produces matter, and ends as radiation. 
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Open Universe 


age time composition temp size density 

(yrs) K (ly) (g/cm*) 
death of stars 10" 105° 10" 1053 
age of dwarfs white and black dwarfs, black | 

holes, planets, dust, gas 
death of matter 110° Oza) 10° 103° 
age of black holes black holes, electrons, positrons | 
death of black holes 101°2 1052s Go Seis | 
age of cold vacuum radiation 
°° 0 oo 0 


Closed Universe | 


age time composition temp _size__ density 
BE K (ly) (gm/cm®) 
beginning of collapse >10"' yrs 
stars, gas, dust, planets, black holes 
boiling planets 10° yrs 10* Oz if Ome 
gas, stars, black holes 
exploding stars 1 yr 107 1012 dpe 
black holes, radiation 
merging black holes 3 min 1012 101. 162 | 
radiation 
end 0 oo 0 oo 
| 
} 
| 
| 
I 
| 
Cassiopeia A. Radio image of supernova remnant. Catastrophic steliar explosion whose light first reached earth 300 years ago. 
Currently 15 ly in diameter. 
| 
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END OF EARTH - DEATH OF THE SUN 


When the sun dies, it may incinerate the earth. As the sun depletes its fuel it will flare up to one 
hundred times its present size and one thousand times its present brightness to become a red giant. Long 
before that, in 1 or 2 billion years, as the sun grows hotter with age the earth will be uninhabitable. 

Today the sun’s fuel is hydrogen, which it burns into helium in its center, the same as a hydrogen bomb. 
In 4 billion years the helium ash will form an inert core surrounded by a thin shell of burning hydrogen. It 
takes the sun another billion years to expand to its maximum size and luminosity as a red giant. The 
interior grows so hot that the helium in the central core ignites and gives off a flash 100 billion times the 
sun’s present luminosity (that of the whole galaxy). This "helium flash" would hardly be noticeable from 
earth (if there is an earth), as it is absorbed by the outer envelope of the sun. The sun then settles into a 
steady helium burning. As it runs out of the last sources of fuel, the outer envelope is blown away, 
perhaps creating a luminous nebula. The core, supported by electron degeneracy pressure, remains 
intact. The sun is then a white dwarf, the size of the earth, and cools into a black dwarf. At this point the 
sun no longer shines. 


EARTH SUN 
5 billion AD: sun in red giant phase: 
temp 1,800 K 3,000 K surface, 20 million K core 
size 6,375 km radius 50 million km radius 
composition surface: molten rock helium, hydrogen, carbon 


no atmosphere or water 
core hot iron 


10 billion AD: sun as white dwarf: 
temp 50 - 75 K 10,000 K 

radius 6,350 km 7,500 km 

density 5.52 gm/cm? 1 million g/cm? 


composition 


100 billion AD 


temp 


possible endings 


If protons really do decay, both the dead sun and earth will eventually decay into radiation. 


surface: solidified lava 


less than 2 K 
earth has lost its moon 


1) disorbited from sun by 


passing stars - wanders alone 
between stars and galaxies 


2) collides with sun or 
another star 


“degenerate matter", gravity 
squeezes electrons too close 
together to form atoms 


sun as black dwart: 


10-30K 
sun has lost most planets 


1) sun is thrown out of galaxy 
by passing stars - drifts alone 
in intergalactic space 

2) falls into black hole 

in galactic center 
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COSMIC DUST 


Plasma of the Universe 
(intergalactic matter) 


Composed of about one proton (H*) and one 
electron (e-) per cubic meter, (sometimes 
combined to form atomic hydrogen (H)). Atoms 
and ions of other elements, chiefly helium (He 
occur more rarely. This very rarified plasme 
when clustered into denser gas clouds becomes 
gravitationally unstable and collapses to form 
stars and planets. 


(This recreation of intergalactic space is 
heavily polluted by oxygen, sodium and silicon 
atoms evaporated from the glass and by heiium 
atoms that penetrate the glass from the 
atmosphere.) 


The cosmic dust of our era is the gas, dust and plasma that lies between the stars and galaxies. 
There is more matter in cosmic dust than in all the visible stars combined. 


Intercloud gas Interstellar gas clouds 
10-3 - 10-2 atoms/em® | 101 - 10° molecules/cm® 


Density 


molecular hydrogen Hz, atomic hydrogen H, helium He, 
carbon monoxide CO, hydrogen cyanide HCN, water HO, 
formaldehyde CHO, cyanide CN, methyl! alcohol CH;OH, 
acetylene C,H, 


_atomic hydrogen 75% 
helium 24%, other 
elements 1% 

(mostly C,H,N,O) 


Composition 


10° K. 80 K inside - 8,000 K outer edges 


Temp 


Interstellar dust clouds: 


The dust clouds of interstellar space consist of grains 
.01 - 1 micron diameter, composed of a solid core 
covered with frozen ices and free radicals (formed solar 
system, comets). 


core: silicates (Mg,Fe,Al,Na)Si,O,, carbon (graphite & 
microscopic diamonds), C, almost all elements heavier 
than oxygen 

icy surface: water H,O, carbon monoxide CO, methane 
CH,, ammonia NH3 

free radicals: hydroxyl OH, methyl CH3, cyanide CN 
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Invisible Dust 


The microwave background 


Today the universe is bathed in the 3 K microwave background radiation. Interstellar and intergalactic 
space is much hotter than the microwave background since it is filled with a very tenuous hot gas 
(T > 10° K), yet this gas is so thinly dispersed that it adds negligible heat to the universe. Stars and 
planets are local hot spots, too far apart to add significant heat to the universe. 


Total number of photons in visible universe is 108°. They have been traveling undisturbed through 
space for roughly 15 billion years. This radiation was emitted at the epoch of recombination, when 
electrons bound to nuclei to form atoms (Age of Atoms). 


Dark or missing matter 


The matter we see (stars, gas, dust clouds), is believed to be about 10% of the total mass of the 
universe. 


Dark matter: non-luminous matter present in the universe (as inferred from the internal motions of 
galaxies and the motions within groups and clusters). 


Types of dark matter - predicted by various theories - hard to detect and would add considerable mass 
to the universe: 


a. cold ordinary matter (rocks, "Jupiter-like" planets, non-luminous "brown-dwart" stars) 
b.. black holes 


c. "exotic" matter: heavy neutrinos, photinos, axions, cosmic strings, shadow matter 
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Cygnus A. Extraordinary radio galaxy. Perhaps the largest object in the universe, 1 billion ly away; jets and lobes of ions ejected with enormous power at nearly the speed of light 


to distances of over 100,000 ly from central "dot" which may harbor a rotating, supermassive black hole. (The giant galaxy is invisible in this radio photo) 


thoes soootbeeceeteneeboes Pere ree er ee sootbonoodooeebones sosebooeebeosebones coptboree bores tigis perth diy 
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BLACK HOLES 


Matter undergoes "gravitational crisis" when concentrated beyond a critical limit. Gravity overwhelms 
all forces. Matter collapses into a massive point of infinite density, or singularity, and a black hole is 
formed. Within a region around a black hole, called the event horizon, nothing travels fast enough to 
avoid falling into the singularity - even light cannot escape it. Black holes are enormous suction cups in 
space capable of crushing matter out of existence. 


Black holes are one of the greatest paradoxes of the universe. 


Although nothing can escape black holes, they radiate energy, have a temperature, and very gradually 
evaporate into space, turning their gravitational energy into radiation. 


type of black hole* mass radius (km) temperature lifetime 
(M,, sun=1) event horizon (K) (years) 

primordial (mini) holes ome 

remnants of Big Bang (10'®gm) 10° Ton 10" 

sun sized supernova core 

or collapsed giant star 2 6 105 10% 

supermassive hole in 2x10° 6x10® 1G: 10° 


center of our galaxy 


supermassive hole in 10" sete" 40-16 40% 
center of quasars 


* non-rotating (spherical) black holes (in rotating holes, radius, temperature and lifetime are slightly 
different). 


Black holes by themselves are invisible, yet some of the brightest objects in the universe may be 
centered around them, such as quasars, large galaxies and globular star clusters. Black holes are 
powered by matter that gains energy as it falls into them emitting part of this energy before it passes 
through the event horizon. Even with no infalling matter to produce radiation a black hole can still be 
detected from earth by its gravity (from the rotation of a companion star or from deflection of light from a 
quasar far behind it). 


They are the simplest objects of nature, characterized by mass, rotation, and electric charge only. No 
anti-black holes exist. If made of anti-matter they would behave exactly the same. Black holes do not 
violate the law of energy conservation -- as they evaporate they return to the universe energy equal to the 
mass (mc?) that fell into them. But particles are lost forever, despite conservation laws that are supposed 
to protect them from. extinction. 


Matter falling into them will get crushed into the point-like singularity. However a man falling toward a 
one solar-mass black hole would be torn apart by tidal stresses as soon as he reached about 50 km from 
the center. Rotating black holes have disk shaped singularities; matter falling through the center might 
survive and reappear elsewhere, perhaps in another universe. To an outside observer matter crossing the 
event horizon seems to slow to a stop and time stands still. 
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WHITE HOLES 


Another solution to General Relativity is the white hole, the symmetric analog of the black hole with 
respect to time, i.e., a time reversed black hole. 

Like a volcano, white holes would spontaneously spew matter and energy into surrounding space 
(violating energy conservation). 

No astronomical objects show their characteristics, so speculations about white holes are at a low ebb. 
lf they did exist, however, and we could perceive them, they might carry glimpses of the future and may 
even bridge our way to other universes. 

If they do create energy, all our ideas about the death of the universe would have to be re-examined. 


The universe itself acts like an expanding white hole. It would be the only hole, black or white whose 


interior has been seen. If our universe was originally a white hole singularity, it ceased to be one when its: 
expansion began. 
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DUST AT ABSOLUTE ZERO 


(Frozen Dust) 


v 


As the universe cools and dies and its temperature approaches absolute zero, the molecular motions of 
its dusts are stilled. Though all motion seems frozen at absolute zero, the inside of matter is still in violent 
activity. Electrons still orbit around the nucleus at speeds of thousands of km/sec. Neutrons and protons 
in the nucleus revolve around each other, and all three of these particles spin on their axes. Even the 
atom as a whole may undergo minute vibrations (zero point energy). Due to these motions the atom 
retains its integrity at absolute zero and does not collapse into some condensed form of matter such as a 
micro-black hole. Though rigidly in place in a solid it remains chemically combined with neighboring atoms 
because of the motion of its electrons. Though a particle of dust may wander through the universe for a 
billion years, it won’t loose a single atom. 


7 


mass of dust particle: 1Oxe%9 

size: 10° cm 

number of atoms: oy 

first proton decays: 10*' yrs (assuming protons decay) 
reduced to half size: 10° yrs i % z 


When a proton in a dust particle decays, there is a pulse of heat, atoms are lost. After the dust cools, it 
remains near absolute zero until another proton decays 10°’ years later. 


Motions remaining at absolute zero: 


a. atoms vibrate and rotate 

b. electrons orbit nuclei in atoms at approx. 10 km/sec. 

c. protons and neutrons in a nucleus circle each other at 1% of the speed of light 
d. quarks move inside protons and neutrons 


Just as the microscopic world has motion at absolute zero, so does the large scale universe. 


a. dust particles orbit dead stars and black holes 

b. stars circle their galaxies 

c. galaxies orbit each other 

d. the universe continues to expand 

e. the universe may have motion relative to other possible universes 


In the micro and macro universe motion never ceases. It is from the human scale that matter seems 
frozen and inert. 


Beginnings and endings (death and finality), are anthropomorphic concepts that exist in human 
dimensions only. 


: 
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"Frozen" dust particle from a passing comet in outer space - 1 billionth of a gram, 10 microns diameter, 4.5 billion years old. Contains 1 million separate grains of different 


minerals dating back to the beginning of the solar system. (20,000X) 
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TIME 


| Mass, length and time are the dimensions by which everything is measured (e.g. velocity is length/time). 
The fundamental unit of time is the second of which 5 x 10'” have passed since the birth of the universe. 


Time is the scale upon which we lay the sequence of events. The perception of two events as being 
close or widely separated in time must exist in the minds of even primitive animals. This perception of 
possible causal relation between two sequential events can be learned -- an enormous evolutionary 
advantage over living from moment-to-moment. 


Gauging the temporal proximity of two events with higher precision has been a preoccupation of man 
since prehistoric times. The “time” of the day and the seasons were doubtless perceived and 
communicated before the perception of their relation to celestial motions. Prehistoric man has left celestial 
calendars to indicate his interest in accurate gauging of the passage of time. Galileo first clearly 
interpreted the swinging of a pendulum as an accurate, unbiased gauge of short, equal time intervals. 
From then on more and more accurate clocks have been developed and by now quartz oscillators and 
MASER clocks are made that can detect the irregularity in the rate of rotation of the earth making it 
necessary to refine the old definition of the second from 1/86,400 of a mean solar day to 92,631,770 
periods of radiation between two hyperfine levels of the ground state of the cesium-133 atom. 


These clocks not only demonstrate the dependence of the rate of passage of time on the relative motion 
of observers as predicted by special relativity, but also its dependence on the position of the clock ina 
gravitational field as predicted by general relativity. 


Time "flows" in one direction only. 

On the atomic level, all reactions that occur in the human body are time reversible -- reactions can go 
either way. Yet to us time is unidirectional because the collective motion of atoms is toward greater 
disorder -- increasing entropy. 

On the subatomic scale, in high energy physics, there is an exception to time reversal invariance. The 
K meson decay (K° = n° + n* + 72°), is not time reversible. This alone proves that in the subatomic realm 
time is unidirectional. 

When the universe was young it went through a period of wild growth, called inflation, but will not 
"deflate" when (or if), it collapses. Since it will be larger when it dies, and also since entropy will be 
greater, the Big Crunch ( @) is not exactly a time reversed big bang. 

Time does not flow uniformly. 


Objective time seems to flow slower when an object is in motion relative to an observer. 


t’ = t/[1-(v/c)?]"? Special relativity: t and t’ correspond to the times in the fixed and moving 
frames, respectively, v is the relative velocity, and c is the velocity of light. 


On a massive body time flows slower than in surrounding space: there is a gravitational red-shift. 
t= tx [tave/c)e]? General relativity: v, is the escape velocity (velocity a rocket needs to 


escape object's gravity), t and t’ correspond to the times far away from and on the massive body, 
respectively. 


Dust and gas ejected by a supernova explosion 30,000 years ago form the Veil Nebula in Cygnus, 2500 ly away - 130 ly across and 
expanding. 
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On earth time flows 1 part/billion slower than 50,000 miles high in space; on a neutron star time is 10% 
slower than in space and to an external observer time appears to stop on the event horizon of a black 
hole. But the observer falling through the event horizon will experience his fall in a finite time. In other 
universes time may not exist. 


When the universe was less than 10-*% secs old (Planck time), general relativity breaks down and 
neither space nor time can be properly defined. 


n quantum mechanics the time of an event involving a finite exchange of energy can never be defined 
precisely. 


To a human being subjective time does not always appear to flow uniformly and in nature objective time 
does not always flow at the same rate. by virtue of relativistic effects. 


Time is an intangible, continuous, measurable duration in which events take place whose succession is 
unidirectional and seem to be pointing to the future. It is an arrow that moves forward, linking independent 
moments together to become the flow or medium we consider time. It is possible that time is independent 
of events and existed before and after anything occurred, but it is also possible that time is the events that 
form it, according to the universal order of succession. One is the perceptual or subjective time, the 
forever changing “now”, the other, a conceptual or objective time that includes all time, which itself is 
relative. 


ls eternal change the only law and medium in which events succeed each other, or is that an illusion? Is 
time an independent entity regardless of what occurs within it or is time nothing without events -- i.e. there 
is no time until something happens. We happened in the universe at a particular time and place, and by 
creating the concept of time, were better able to locate ourselves. 


Absolute time, mathematical time, subjective, objective time, perceptual or conceptual time... It is as 
ephemeral as a puff of smoke. Time is a passing train, a blink of an eye. It is the sun ducking behind the 
horizon, it is being late for a date, it is being born and dying. Time is and is not. One thing seems sure, it 
definitely kills us. Perhaps one day we will gain a less tenuous understanding of this mysterious medium 
that seems to govern us and the universe. 
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Hercules Cluster (10 million ly across). Light now seen from these galaxies began its journey toward earth over 1/2 billion years ago. 
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THE PREDICAMENT 


Life is a four billion year old chain of chemical reaction, programmed to survive and correct itself. 
Survival depends strongly on the capacity for self-correction. 


As life developed into more complex forms, brain and memory emerged leading the organism on the 
path of intelligence to become self-aware and reflective, capable of remembering the past and envisioning 
the future. 


Humanity is a self-knowing, self-conscious, curious organism peculiar to itself, whose intelligence has 
interfered with nature’s built-in self-correcting mechanism. We see ourselves and the universe with an 
anthropocentric view and base all our knowledge on this illusory perception of reality. 


It all began when we straightened up, shed our fur, looked up into space and began to scrutinize the 
unknown. We made tools, invented language to pass on knowledge and abstract ideas to new 
generations; thus increased our intelligence, developed culture, and as a result most of the rules that apply 
to animals have ceased to apply to humanity. 


Life developed slowly through chemical and biological evolution. In all living systems form and 
behavior are controlled by the genes. Genetic responses to environmental pressures are slow because 
changes in the genes occur randomly as evolution depends on the lengthy process of natural selection. 
All living systems employ some sort of survival strategy: high reproductivity, protracted care of the young, 
tolerance of extreme conditions, etc. Our ancestors became moderately successful by exploiting 
intelligence, even if it meant fewer offspring. The species survived because more children lived to be 
adults. Intelligent animals must learn through the slow, tedious process of experience and instruction what 
nature gave to lesser ones as instinct. To help with the slow learning process of our young, humanity 
formed family structures, from which societies eventually developed and civilization was born. Humanity 
was able to pass on more and more acquired knowledge to each succeeding generation. At first the 
increases were slow, more or less in equilibrium with nature. The invention of agriculture marked the 
beginning of more rapid expansion. But after the Industrial Revolution progress reached a critical point 
where the restraining forces of nature (starvation, predators, diseases, etc.) could no longer hold us back. 
With the rapid development of our culture, industry and technology, and with greatly increased control over 
most of our natural enemies (except ourselves), we broke loose from the bonds of nature and began our 
wild, exponential growth. From then on the population was more often checked by wars, famines, 
epidemics and other natural disasters than by predators. The increasing amount of knowledge passed 
from one generation to the next caused man’s behavioral evolution to progress far more rapidly than would 
have been possible through genetic evolution alone. 


Today our science and technology have made us so powerful that we are rapidly usurping our 
environmental resources, while our population is overrunning the planet. Our explosive success, our vast 
numbers and the resources we consume create imbalances affecting all other life-forms on earth. The 
genetic evolution of these life-forms is much slower than our cultural evolution and cannot keep up with 
the changes we have created. The normal balances of nature no longer control us. Unhampered, we will 
grow, consume and destroy everything, until the disturbed equilibrium of the system retaliates or we stop 
ourselves. Such rampant growth is out of balance and cannot continue in a finite world in which the 
environment is unable to replenish itself fast enough to keep up with the frantic exploitation. Our purpose 
and fate are perhaps no more than that of cancer cells, fungi, or bacteria, multiplying in a petri dish, that 
invade a territory, pollute and destroy it in order to survive. 


Since we have deviated from all previous life-forms, there are no precedents to guide our behavior. 
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power wisely. We have power in disparate segments of our existence, but the overall flow is undirected. 
This clearly manifests itself in our miscalculations, mismanagement, and accelerated growth processes. 
We are rapidly reaching saturation points. 


External forces eventually limit or reverse uncontrolled growth in all systems, social as well as natural. 
An overdeveloped organization surpasses its natural needs; balance is lost and hypertrophy sets in. 
When a society expands without restraint, it overwhelms its resources and dies, leaving humanity to 
develop a new social structure. The danger in a complex system is susceptibility to change; with 
proliferation of parts, more things can go wrong to disrupt it. If the constraints that have been holding it in 
balance are broken, it goes into exponential growth. The evolutionary processes eventually reverse, 
sometimes with catastrophic consequences as nature overshoots its regulatory procedures. Since we 
have upset the system, we can no longer rely on it to keep its natural balance but must maintain it 
ourselves. 


Our advancing knowledge and technical skills should have made us more cautious and wiser. Instead, 
we are more reckless than ever. One wonders at this general reluctance to stand up and fight for a safe 
future. There are some enlightened people around the globe working toward this goal, but they are still 
without much power. 


During these past sixteen years since the beginnings of this book, much has changed and, in a sense, 
nothing has. Although we are now constantly bombarded by evidence of pollution and destruction of vital 
human resources, nothing constructive and radical is being done. We are getting tired of hearing about it, 
feel ineffective, and just want to go about our business, which is becoming more troublesome with each 
passing day. Media coverage has a tendency to repeat and equalize all information, killing the intended 
shock value and meaning. Sustained interest and effective action is thus diminished as new reporting 
washes over the old. Everyone knows everything superficially and cares less. It is this kind of apathy that 
can create cultural collapse. The decline of Imperial Rome over many years left Europe in the Dark Ages. 
At today’s accelerated pace, collapse would be complete in a few years, and the momentum could plunge 
the world into even greater darkness. At best we might also come out of it much more quickly. 


Mankind always managed to survive; only individual societies died out. But now, for the first time the 
rules have changed. Our world is one society. This vast, complex system is tilted and off balance. The 
threads of existence have been so tightly interwoven that one pull in any direction can distort the whole 
fabric, affecting millions of threads. We are poised on a narrow ledge and can go over very easily, 
dragging along the huge, complex body and everything within it to an avalanche of disaster. 


From our origins, through our history and culture, the whole human drama takes place within a thin, 
almost undiscernible layer wrapped around the globe. We are barely visible from a mile up. This thin 
membrane is teeming with life, acutely sensitive to any disorder in its equilibrium. Here we flourish, 
studying microbes smaller than we while contemplating the edges of the universe billions of light years 
away. We are exquisite creations; but despite our great wisdom and intelligence, we accept temporary 
solutions, half-truths and false conclusions. We can easily be satisfied and grow accustomed to the status 


quo. The human brain, this magnificent organ, has the potential to develop further, to penetrate 


dimensions and galaxies. But it may amount to nothing further and die out like a minor evolutionary 
mistake of nature—an experiment that failed, that created some wonders but could not effectively manage 
its destiny. We are the first species that can control its destiny consciously, and we may fail to use this 
opportunity to our advantage. 


Must we wait for epidemics, starvation, panic, police states, mass hysteria and destruction, the 


complete devastation of human values before we act? Unfortunately no serious planning will be done until 
some major disaster upsets our complacency and shakes us into action. 
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The rules have changed and we have to make them up as we go. But our acceleration is so recent and 
so rapid that we have had no time to contemplate the consequences. Our conscious, cognitive path has 
given us control of our destiny, a responsibility with which we are hardly equipped to deal. We simply do 
not know what happens in a world run by human logic that is beyond the ordinary laws of nature. Our 
impact on earth is astounding. What is the impact of all this on mankind itself? 


With an awesome brain capacity, we have created wonders beyond our own imagination. We are a 
young species, only half a million years old. Civilization is barely 10,000 years old, and real culture, 
defined by the use of symbols, only about 6,000. There are many ways in which we may evolve that 
might render our present society and form unrecognizably primitive. As an animal species we would 
normally exist for about ten million years before another dominant species arrives and takes over. Since 
we have drastically interfered with the process, estimates seem meaningless. We have introduced 
conscious selection that has superseded the natural, speeded up evolution culturally and genetically, and 
changed the world’s ecosystems. We have initiated processes that, if unchecked or in some cases not 
reversed, will further accelerate and run out of control, upsetting the delicate balance of things required for 
long-term survival. The question of how long we can survive might really depend on whether we can 
conquer space before making earth uninhabitable. 


We are young and, like children, we are recklessly abusing and squandering our resources. We have 
created a runaway, computerized, high-tech society without the ability to manage its toys. Now we are 
forced to face the consequences, like adults. But there is an obvious reluctance: we have been spoiled 
and the solutions are painful, expensive and humiliating. 


Humanity has always arrived at less painful, interim measures instead of a long-term vision for the 
future. Remedies, when found, are often partial and belated. Our short life spans, and the flexibility 
required to adjust to the needs of each new generation, seem to make enduring decisions unsustainable. 
Our reluctance to adopt long-term plans may also stem from a lack of altruism, as future generations 
would be the only beneficiaries. 


Damage has been done to the earth, the environment and to human principles. The quality of life, the 
integrity of the individual, even life itself are in danger. High human standards (ethics, moral values, 
dignity) that were painstakingly established through the centuries can evaporate in a few years, or ina 
moment. We can no longer assume that our resources will last forever, our climate remain the same, or 
our wars be fought locally. As we have accelerated the extinction of plant and animal life, we have 
accelerated our own by allowing unchecked growth processes in all aspects of our existence. 


Today we know of nearly 1,000 hazardous carcinogens in our environment, the result of years of 
irresponsible waste disposal. We have responded by moving pollution from place to place—burying it in 
the ground, dumping it in the oceans—while it continues to seep into our food and drinking water 
poisoning the biosphere. As we multiply, the abuse accelerates. The reason is no longer a failure to 
recognize the problem. When | first began this work, allusions to these problems were being shrugged off; 
now we are confronted with them daily. Pockets of inequities around the globe, and lack of a world view, 
make solutions more difficult. 


Among other side effects of the population and cultural explosions are a highly developed technology 
and the Information Age. A resulting problem is that mankind knows much more than any one human 
being can absorb and apply. People, therefore, have been forced to concentrate on a particular aspect of 
our vast knowledge, giving birth to specialization, creating further exponential growth. With the ability to 
explore smaller segments in greater depth, production, inventions and complex technology have further 
advanced, and our power has grown. Specialization generates further specialization, while information 
accumulates, uncoordinated. So far we have not learned to use our rapidly increasing knowledge and 
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SPECIALIZATION 


One important aspect of our cultural explosion is specialization, a by-product of the Information Age. 
While it is a great source of power for mankind, it is also contributing to increased confusion and 


difficulties in communication. 


Cultural evolution and the systematic transmission of knowledge to succeeding generations have 
created a proliferation of ideas and data, growing at exponential rates. The sum of accumulated 
information doubles every seven to ten years, faster than can be assimilated. With computers generating 
new data and correlations, the doubling time is rapidly decreasing. To cope, we subdivide this knowledge 
into a multitude of separate disciplines that become progressively alienated from one another, greatly 


impairing meaningful communication. 


Vast amounts of information are being compiled, but with each segment known only to its own 
specialist, most of it remains undigested. As this immense body expands without interpretation, 
information is not disseminated, necessary connections are not made, and no direction is provided for 
mankind. An urgent, growing need is created for some form of summing up, for synthesizing information, 


so that it may be absorbed and applied. 


But it is the very nature of specialization to grow in complexity and divide into ever more concentrated 
enclaves; thus new data accumulate and multiply and their value remains unrecognized. Communication 
is blocked, hindering accurate deductions and combinations. No analytical overview exists, only 
unconnected facts that remain in limbo. The great leaps of insight that propel human progress are bogged 


down in a morass of uninterpreted data. 


The Octopus Model 


Think of the body of knowledge as a form of octopus whose countless tentacles represent 
specializations. As these tentacles multiply and extend, new ones grow out of the old forming thousands 
of sinuous strands. Each specialty is locked into its own interests and language that narrow daily. 
Breadth is sacrificed for depth, detail and special interests. Meaningful exchange with the main body, for 
feedback and direction, becomes increasingly difficult. Specialization, by definition, is narrow, limited, 
restricted, and concentrated on one aspect at the expense of all others. While it does create experts who 
can analyze in unprecedented depth, it is all-consuming, leaving no time or inclination to integrate, filter, or 
even care about the growing wealth of information that obviously needs to be compressed and translated 
into a universal language. The process accelerates as the system grows in complexity. Ideas, events, 
and all human traffic become increasingly tangled. Communication with the main body is further reduced 


by delays and garbled transmission. 


The tentacles of specialization become aware of the need for feedback or exchange and turn to each 
other. But since each has its own language and limited capacity for understanding the others in depth, 
false analogies and misinterpretations are passed on as facts. The tentacles can barely make contact 
among themselves, let alone with the general public where their expertise is useless. Here they become 
the public at large while valid data remain trapped in the tentacles. Fragments and hearsay are passed 
around; even valid information is so dispersed that it can trigger false conclusions. All information is in a 
state of flux awaiting some verification or affirmation. Accuracy fluctuates, while the ultimate, ideal state of 
precision for which the system strives, remains unattainable. Knowledge is barely enhanced; progress is 
slowed and the main body lacks proper nourishment. Nothing improves; everyone knows only what he 
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knows and cares little about the rest. And all the time new information arrives, remains unabsorbed or 
oversimplified, and the debris accumulates. 


To complicate matters further, the tentacles now tend to crossbreed as alien disciplines integrate, 
giving birth to hybrid specializations whose common denominator is need, practicality, or curiosity. Though 
this may be a modest step toward some simplification, it still lacks direction, true understanding, or 
overview, and fragmentation soon resumes. The tentacles, no longer governed by the main body but still 
attached to it, now act on their own impulses and needs. Amazingly, the whole organism performs without 
clearly defined direction or purpose, lacking the perspective to oversee and correct itself. Communication 
begins to resemble a form of sophist dialogue, based on false analogies born of necessity and constraints, 
not reason. 


Tunnel vision coexists with the broad, shallow view that offers insufficient data synthesis for drawing 
valid conclusions. Clear and accurate summation—reduction without bias, omission, or distortion—is 
possible only when the entire system can be held up for scrutiny and all facts become known to those 
doing the summation. Such a world view does not seem possible in today’s society, and efforts along 
these lines are seldom promoted. Specialization is encouraged with no peripheral view. One must be 
trained in some skill, no matter how important or mundane, or else be considered a dilettante or nonentity. 


Today many main bodies of knowledge have branched into countless tentacles. These vast, swarming 
organisms, made up of many parts, are all intermingled, while the individual elements of the conglomerate 
become progressively alienated. Each experiences some marginal freedom but is unable to interact with 
the rest of the system. The tangled mass does not support a primary purpose. The bodies take more 
from the environment than they return to it, feeding the needs of accelerated growth. The main body has 
now lost most of its volume to the tentacles and has little purpose. The tentacles have developed many 
small heads but lack a central brain, while the many faceted complex multiplies and siphons off its limited 
environment. 


The Octopus Model is a visual metaphor for our society in the Information Age. 


While the individual may experience freedom, he has little potential to interact or identify effectively 
with society as a whole. The information overload numbs his mind. Mesmerized he gulps headlines and 
lives by the media, assuming that what he hears and reads is true and the rest does not matter. To retain 
a semblance of being well informed he must choose from the daily bombardment of information that has 
been pre-selected and superficially condensed by others. The capsulized bits and pieces pass through 
him unanalyzed and are soon forgotten, leaving him more or less receptive to tomorrow's onslaught. 
Abbreviation becomes a way of life. In the midst of this information overload he understands and retains 
less; he accepts superficialities and easy solutions. Eventually he withdraws into his own interests, 
concentrating into ever diminishing areas, inviting the onset of an identity crisis. He feels helpless and left 
out. He has already become a number; now he is becoming dispensable—even disposable if necessary. 


With human values and his own self-worth diminished, he feels insignificant and lonely. Turning 
inward, he develops self-serving strategies. Responsibility for his actions is dispersed, further freeing him 
from supporting the structure that maintains society. A kind of social apathy sets in, stemming from a lack 
of enthusiasm to maintain the self for a higher purpose, or for the good of the whole. 


This alienated entity then finds consolation and strength in joining special-interest groups that share his 
views and feelings. He is free to move around, the groups themselves are free, even society seems free. 
But we live in a pluralistic era in which freedom is really an illusion. Without sufficient knowledge of what 
is actually going on and what truly matters, freedom is lost because it lacks effectiveness. 
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The individual cannot evaluate his situation or that of the group, but at present neither assessment nor 
analytical overview takes place anywhere. Moved by an overwhelming momentum like a runaway flock of 
sheep or herd of elephants, society is as lost as he is. Propelled by the motion of the entire complex, 
which sweeps each individual along, he is forced to go where everyone else goes. There is no real 
freedom and no time to think, just time to go, faster and faster while trying to grab some personal gain 
along the way. There is no inner growth, only increased momentum and declining values. 


Paradoxically, while specialization is encouraged, everything in our society is geared toward uniformity 
and group mentality. From the educational system to mass-media advertising, to employment and the 
whole economic system, even specialization fosters similarity in action, taste, and thought. As people 
increasingly behave and think alike, it becomes easier to predict, influence and regulate them. One is 
taught from childhood that it is bad to be different from the rest—that one must adjust. One is given a set 
of choices. Large chunks of society make uniform selections without being aware because each individual 
believes he is making a different choice. (Somewhere, mass media announcements of anticipated large 
crowds cause everyone to stay at home. Or, in democratic countries where free elections are held, the 
individual selects from a predetermined group, which is still greatly preferred to no choice at all.) 


Meanwhile the individual's ego is maintained through his expertise. More people are motivated to 
specialize and are amply rewarded for the work they are well trained to do. 


One can imagine a not-so-far-fetched vision of tiny robots (ants, bees) marching in unison, trained to 
perfection in small areas of expertise. We seem to be creating a world of specialists like cells that 
specialize to form an organism. Except that in our society the specializing cells do not cooperate for a 
mutual support of the organism. Is it the organism’s inability to provide coordination between the cells, or 
is it the cells’ inability to unite for a common purpose, to form and nourish a body when they can only 
nourish themselves? 


The economy of natural selection assures a useful contribution of each individual in a beehive or 
anthill; but in our society, no natural or intelligent selection controls the proliferation of unproductive and 
disconnected specialties toward a mutual purpose. 


In our world, a lack of intelligent self-evaluation and failure to understand one’s contribution to society 
has led to jaded values and misguided priorities. The individual needs to regain respect and integrity that 
stems from self-esteem based on an understanding of his value, to become more altruistic and less 
greedy, therefore more willing to make sacrifices for the whole. 


Unlike ants and bees whose behavior is programmed, humans need to appreciate, understand, and 
take pride in their role in and value to society, which creates a healthy feeling of self-worth, a love of self 
and of mankind. We have a choice. 


Alienation, apathy, greed, and the illusion of freedom seem to be recurrent themes in every society 
throughout the ages. Only a nearly utopian balance could eliminate these afflictions and bring about the 
integration of the individual's self-interest with the needs of society. 


The paradoxes of our existence: alienation in togetherness, uniformity in specialization, illusions of 
freedom in group mentality, ignorance in the midst of information overload, greed in the face of neglect, 
self-aggrandizement in response to ineffectuality. It is comparable to going into the ice age and the heat 
wave of the greenhouse effect simultaneously. 


Meanwhile society is moved by circumstances and the momentum of a turbulent, multidimensional 
evolution that is self-perpetuated. Its intrinsic growth intensifies while external pressures mount. Inside 
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society, this acceleration is more suspected than felt; the individual has long since succumbed to the 
tumult, confusion, and pluralistic nature of things. Carried along by the momentum, he pushes and is 
being pushed, like the animals in the runaway herd. Close to the ground and running blindly, one cannot 
see the terrain ahead or the horizon. Only by reaching outside a system can better perspective be gained 
and all aspects taken into consideration. 


Summing up is orientation: direction-seeking, distancing, gaining perspective, balancing. Summing up 
is also biased and subjective. Without it there is no overview; and without overview, there is no world 
view. 


New methods must be sought, perhaps even a new type of logic or philosophy that attempts to arrest 
processes so that they may be analyzed without distortion, offering sane and accurate syntheses. This 
may be the key to many enigmas and unresolved paradoxes. Only when information is once again 
comprehensible can an overview be gained, all things be considered simultaneously, and order and 
direction be established for the whole. Then we can create new analogies and resume meaningful 
communication. 


But in the meantime, the world seems to be ruled by sheer momentum caused by the cultural and 
population explosions. There is little opportunity for introspection or wisdom. All processes and numbers 
have accelerated. For the first time in human history, several limits have been reached. We are poised at 
the height of our civilization and achievements, while all is intermingled and confused; running out of 
control—primed for disaster. Only very powerful efforts can unify things without diminishing the sharp 
edge of knowledge attained through specialization—a clear, in-depth overview, using true analogies, 
painstakingly pieced together from small mosaics of truth. The dedication of the entire world organism is 
vital to the pursuit. 


| wonder if future computers will be able to pick up the slack, get down to the nucleus of meaning, to 
unite knowledge into one body again. These computers will have to be extremely creative, with deductive 
reasoning, philosophic wisdom, and altruism in their "hearts", as they seek universal analogies for 
mankind. 


Agnes Denes, 1972 - 1988 
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AGNES DENES is an outstanding conceptual/environmental artist whose work and career are global, 
both geographically and in scope. Her ideas are unique and universal, and she is considered a visionary 
by many critics. Her interests reach far beyond the art arena; she has incorporated philosophy and 
science into her work integrating concept with striking visual presentation that function in the fields of 
environmental art, drawing, sculpture, photography, film, writing and sound. 


Her work has been shown in the U.S. and Europe since 1965 and she has participated in major 
international exhibitions such as Project 74’, Cologne; the Biennale of Sydney, Australia 1976; Documenta 
VI, Kassel, Germany 1977; the Venice Biennale 1978 and 1980. 


In 1982, Denes represented the United States as one of four artists from around the world selected to 
participate in a “Master of Drawing” invitational in Nurnberg, Germany. The same year Denes planted a 
two-acre wheatfield at Battery Park on lower Manhattan and harvested 1000 Ibs of wheat. In 1977 she 
planted a rice field high above the Niagara gorge and filmed the Falls from its edge. 


In 1987 the artist completed a major commission for the lobby of the First National Bank of Chicago’s 
New York headquarters at the Equitable Center in Manhattan. Its ceiling consists of 144 panels of etched 
glass which depicts the earth in the shape of the universe. 


In 1976 she designed a pure glass pyramid to represent our era, and a Noah’s ark, in the shape of a 
spaceship/barge, that defined our runaway technology. 


Agnes Denes is presently at work on a five acre environmental work for the Miami airport in Florida, in 
the shape of flying pyramids using coral rock, wildflowers and reflecting pools. Simultaneously, she is 
working on a master plan for the conversion of a ninety acre abandoned landfill in the San Francisco Bay. 


Denes has had over 250 solo and group exhibitions on four continents, which include the Museum of 
Modern Art and the Whitney Museum of American Art in New York; Centre Georges Pompidou, Paris; 
Moderna Museet, Stockholm; Seibu Art Museum, Tokyo; Corcoran Gallery of Art, Washington D.C.; ICA, 
London; and Museo de Artes Moderno Cali, Colombia. Her work is in the collections of over thirty major 
museums around the world and in numerous private collections. The recipient of many prizes and awards, 
Denes received the National Endowment Individual Artist Fellowship for 1974, 1975 and 1981; the DAAD 
Fellowship from Berlin in 1978; the CAST Fellowship from Syracuse University in 1977 and CAPS grants 
for 1972, 1974 and 1980. She taught at the School of Visual Arts in New York from 1974-1979 and has 
lectured in universities and museums across the country and abroad. She has been visiting artist and 
lecturer at MIT, Harvard, and the School of Architecture at the University of Genova, among others. 


Her extensive bibliography includes critical reviews and articles on her work which have appeared in 
periodicals and books since 1970. She has also been the author of several books and essays dealing 
with “visual philosophy.” The Encyclopedia Britannica 1989 “Yearbook of Science and the Future,” 
quotes the art historian/critic Donald Kuspit, “Denes seems to straddle science and art in a way 
reminiscent of Leonardo—the effort to totalize nature in a single system and to take the visible as a sign of 
the invisible to be comprehended.” 


—The Publisher 
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